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Spiegel für Wellenlängen < 258 nm
Spiegel für Wellenlängen < 264 nm 
Spiegel für Wellenlängen < 264 nm 
Spiegel für Wellenlängen < 277nm 
Spiegel für Wellenlängen < 277nm 
Meßvolumen in einer Flamme
Abbildungsspiegel
Glan-Prisma
Abbildungsoptik für 4 verschiedene Wellenlängen
Abbildung aller 4 Kanäle auf die CCD-Kamera
Spiegel für Wellenlängen
< 273 nm

+2 N2gDC!S  m 	
) 0u2 	1(!fi|t GF!fiL?filpg  '!fim] lD!2fifl	+
) *ff'!
2 !  d+ 
7
	^l]
xzUfi5& 
fl	fiL?fiffifllfi !(!2	jFfl	ff
+ploq	'-2fl0!+ax 1,fi?	(dhdv 46 u!l	fl !2
F g
             		   	  
B
k
 	

 	






	

fffiffffifl "! #$&%'#

(

)+*,-,.%/0,1,
2
3
 ,3%4&5((

+2flN2g CfC  &(!	 (qfivt ~FfiL?fiffifllfig ff43]6vI%) *ff
7
	  	~& 
fl	F6
^u!	fi) *g 


ji P	
!1+2Ł!fi) *2
~F2 	 '-2fl0!Ł!+2x
2 dhdv 46 u!l	flp!!
F g 
Q+l 
Qfl-+20ff|2	+2xz!*l
7
!	,+	2
	'-2fl0! (!+2g
             		   	  
B
E
 
+2N2gDC!S + N2g CfCflPp u1	 fi
B
 6Ym] lD!?6ffit ~FfiL?fiffi6
fllfil  F !
Ig  !fi I%!fi	fi*F O2) *ffD2
+ +	) *fi	fl!*
v( fi
t GF!!
+2lo +2 	QP+!]m!lD a65+ m!L?
!*a6 ?	+
) *,g
 ' fi ?fl	+
) *ff
7
	 l$l fi-2*ci!	fi) * ]*2
fi-2!
  	 

3
   

ffffi6
xz	,+2!l t ~F!!
+l fi*ff2(!fifl lol
q+ -(!	!


{( fi4& 
fl	fiL?fil
fi) *) 0ff g
	
7
	6P+	fiff6]i$
!	fifl fi0!l-ffb	
  P+<Ł( ) *2xz
6
2 u!ff$(
fl	 +	) *Do8
!a6ij	filo]*2	fl +fi (
	ffi gj ' fi~fi5 
7
a6
?
7

(& 
fl	0/!fffl 	ff36& 
	 !D	iX
  	fi fl fi2xO!


I%) *ffflfi  *ci!!ufiQgŁ '!fi t ~FfiL?fiffifll
7
+	  +2xDi 6Yi$
!	fifl <-26
lo	g + F	l fi4fily
) * ? 
Q+0,+2xC P
7
fi @L?filsxz	q|t fi6
fi+12	 P
7
fli$
!	fifl fi0!l-ff P+^(!+Mgj '!l
7
i!	vfi ly
) * 
fifly!	2(Is&X6bsYfffl	ffixz	?P P+ 	0 "+pfi!lohP+p fiflQg
 ' fiv81
 !?6ij	filo'fi  lolbj!D2	v&$	lotu!	|+o fi PU4-	6
fl+	 &*3

& 3
   
g  #X	fl!filofifi<l ff43]6rU	) *
! U2 	(qHS {g
 v]0+P-a !?P
7
0 
(	fl!_q  35


7
20!
,,
 !2'	 fiL?lol	fi) *^q) *a6
fifiij	filo!fiq+N vfffl
   	!fieLallfl	fi) *pq) *fi g
 ' fim]2L?
*fiffifl	+
) *ff'
fl )
A
 
7
	l2l - 3
   
	<r+2vL?
6
!)F  ((
	q+fffl		) 0ff z) *ff 	]
+2 Fg
]
fi"ci ) *fi ,fl+2xz xz!
!u #X	,+d	 	fi) * g 


ji 
+	) *6u!ff$(
fl	g !	'& 
	
7
	0ff+ff	*!
"fi	]& 
fl	0/!fffl!
fi a-2F6

q+2 fi^	*(!
 2	 & 
fl	0/!ffflofl	fl fi-( 	ffg ffl  ly
) *fib+2
#$	fi) *ci!	ffixz P+	*(!
fl afioxz	%.g

2
ji!!JP
7
 u!fffl$(
fl	U*ff	ffi6
!	] !	F g
sY|	

fffl	fifl!) *2fi2fi +Lafiffifllofi$  ( fi) *(P
7
2& 
fl	g% 	 	fifi-2F6

vVg 


 i!oxz	

fl*)
A
 

+2  
fl  
A
 

(!) *  
7
 fi!
7
fl	& 
fl	 P	
!
7
	Mg 	P
7
b&$
	qfi-
]2 g 


ji 
xz	  
fl 
& A
 

+  
fl  
A
 

(!) *!  
7
bfi(!) *ol 
) *2oi5	a6
P-| *(!2

7
	2Mg?y	 g 


ji 
fl  
A
 
7
	 fl	fl filfl	
+pfi-
 0 
7
fl	m4

'lo*	g
]!) * 2	 g


 i!fffl	,+
7
	b. g


 i!+	) *p12

+2fi!-2fl0 +2x4fffi?	fl dhdv 6 u!l	"!!
F g !?6

+fi-20^fi*ff!+fi	 	fi) * I fi fi-GP

 !g
6

2
ji!!| -fF!]fi2u+ l 
7
fifi"m]!*2lo 

fi

 a) *ci!	ffixz
+ 
Qal xO!0fffl!	v	
 !+Qg
]+2x5	 dhdv 6 u!l	Dffflfiffifl*,1xz2	~.tg 


ji "	 i!+2lo
) *" +2xzF6

yfiffiflfir
Mg
             		   	  
B
q

 
     
     	
 	
 
    



	


 ff
fiflffi 
! "#
$ %
&
'
%
%
' (
$
'
$
)

+2 N2gDC
B
#$	!filfififi0,+	ffi fi	]!	
7
2[u ,$
fl	xz2	
i 6iX
  	fi flfi	) *ff+g
& 2	$ g


ji!2fffl	,+2
7
	_u!fffl#(
	 !fiF PF2~!^	
& 	lDI%!fi	dl- 2ffflfi4fffi-	) *"+fi		435	ff  p!xz	ffifl!
7
+	2Mg
]
+tN2gDC
B
P!U#$	!filofififi0?+2	]fiU	5	
7
Ffl u!a6
fl#(
	bxz	|i 6Yi$
!	fifl Qgu  ,6Yi$
!	fifl 
7
+	) *,b	
7
F2
7

 	#X	fl filfifi!fi	) * fi*	fifl!	0  ?) *
7
!0,+2"+2,	
! g
 r	fl	 	 & 
fl	0/!fffl l fiffifl"	^#$	!filofifi !
C!S   !+ax rHS  fi	fiffifl #$	!filofififilD3nal +lfifl	Qi!!

A
 
g sYl 
 !2
7

6

!"rU	) *Łfiffi'b#X	fl!2filfifi2fi0,+	! ) *,'	!
 fi	Łfi) *
7
!0ff
P
7
fi) * K
B
  + rHM  g  ]	{	fl(0ff	ffiflŁff

7
	}P+l #X
  	
t GF0/!?i!
0 --
 g]+?F	l !	fi) *21fi) * & 
fl	0,+	ffilo4l
g 0 
%fi2xO!

2 I ) *fffi+ls
7
fi-:A
 
-2	o8	!Mg~ '!fi*( 42" F6
*l

Q0ff2,(fFq& 
fl	0/!ffflv2+	) * 35	0?-- on2!0ff~/.+fi	
7
	2
0  Mgj 	
7
!	5!!*lo

 0ff5fiffi2fFq&$
	0?+2	Ul g 0 
fi
axO!

6I ) *ffflfi!*ci!2{fi1+2filo!l '	1	*(!
fi|t ~F!/6

+lfig  ]I%! 	& 
	0/!ff! 		ffi^	fifl!2*ci!+l 
7


-

A
 
 ~P"!+ax fl'	flfilo!g
 fi

Q0ffflxz*2	D(fP+ 2(fFbfi) *D?P
 g 


 i!o) *ffv0,
 !	
( 	4fl	2p
 !fifiQg

fi40!!lolb P+ l m]	fi-	) *Mg
             		   	  
B
K
    
S2gOMHN SagpSHM S SagpSfk 
S2gDC!N SagpM S2gOS C SagpSfk  
S2gOSHN Sag C S2gOq C Sag C!N 
S2gOS C SagpS
B
S2gONHr Sag Kfr 
# !

N2gDC m 	fi-2	) *2P
7
fi) *w u!?i!
 $	lfl
!+fi	 t fi6
fi+|!om!fiMg

fffl
  2	a-( 
flq0/!2D!2
fi
7
	 
7
fi) *
m]!lo!fi!
  +2x~^
<t GF0/!?i!
b!	ffifl
gb "g 	^
fl,+	'xz2	
2 1	ffiflfi-+0ff2
7

 (!fi m]	fi-	) *"	ffiflfifl ci! fig
#$!

6N2gDC P!G
7
<fifl!	0:!fi m 	fi-	) *yP
7
fi) *2  ?P

u ci!
ŁŁ	r
lflfiffi g

fffl
   2	 a-( 
fl^0/!2 !2
fi
7
	 
7
fi) *p!fim]!lo!fi!
Q	a- ~Pfi!+2xX	fi) *22 tpGF0/!ci 
'	
 g
a
7
	 MHN  fi6 a(!
fi$l ffi6 u!(!
alfifi cC!N   l 6vu (!
2+2
0,
2	1m4fiffil g  fifi	ffi6+2<2lRg !fifi	fiffQ0/!!
Ig
fi1&[!+fi	
$
2
(fF"F
7
MHS  2	 ?- ~PfiblP+*y	 u!(!
5lofifi
7
	Mg

2
+fi(!*l{
tg  fifi	g[NHr   fi 16 a(!
fifi-	) *ff!+2x 6vu!(!

 	g
  g	ffifl{ # !

 N2gDC
7
+	 lob	 t fifi+2  mff fiw+2
2	2(	ffiflt )2u12(/6&$
 !llo1	lfl

7
|fiu]fi) *2VkgpK(!	F6
fifl

ofig   '	ffiflfifl *ci!!0  2fi m 	fi-	) *fi
7
	  2
+ kgOM
fi) *ff(!	g u!-2fl
kgOk
7
	 P 
7
( fi m]	fi-	) *{xz	%. '	ffiflfi-2+0ff
0!		!	ffi
7
	2"0/!Qg
             		   	  
B
M

 
     *           
Bildverstärker Objektiv
CCD−Kamera
∅
 
40

+2 N2gDC!N 6u!l	lDr
2	fiffi i!	0!	g  ' fi{r
 !+ax1	m) 0,fi
fir
2!	fiffi i!	0!	fi
7
	wl 2l *!
fi2
) * ij*!a,.0fffl !+2x]
u lo	fl !
g
  	
7
Ffldhdv 6 u!l	  i S KHE\ C!q!rpfifl!llb"! 	<& 	lD
g 	*ff"sY2fifl	+lffflfi +wfiQP^]+ffifl(yfi+"!
 ) 
- -
 fl
ij n2
 
2	d*-2	yHF!'
fl fl 
-

   
g
 '(!fiU+fi
fi2	 u!l	[!

	5+ffifl(y!fi+|a
 a0,+{(!+	2
7
+	fi1l
 
6Yr2 6t ?+fi	Mga
fiffi(!lv0 fffl,+	4
7

!


B
a0,+2"pr
 !+2xzllo
7
	Mg
]
+[N2gDC!N6P!ofi) *lD fi) * u!l	<ll rU
a	fi i!	0 	g
 	{	
7
2fl r
2	fiffi i!	0!	{fiQP   ]+	) *lfifi	p!

3
   
+2
fi'fil+2
) *	yHF!	1!
fi	 u!lo	fl!) *2-Mg fi*(!
	ffixz
!  -2fi) *2
u]--2
+  { u!l	blvln*!
fi2
) *pij*!a,.0fffl!2fi /2
7

) * l48
!fixO!fi	Mg
   	  
  2	 
   fi
1
  
     
fiffffifl ff!"#%$%!'&(*))+!",*!'!ffi-(-.+.!0/ffi)12*3+!"4*fl $,5",3+6!7fl $%5",*!98
-*!':9fiff+;3+3+*!=<
>%?A@6BDCFE=GIHKJMLINPO'QRNTSUOWVKO.XYNPZ[O]\
$%_^*-.`&(.)+)!"'1a-b-c,)`&d*e%)gf9)g3h.i
j
.k*",5fiff(-*)6l6g3h.)m!ffi-'-*noi4pffiq!-5rfiffs,.r3m-*m*r!k*.5!.!utvc,!xw,5rsycy8
5
j
+r*3
?
z9?aQRN9O*O{G|HKJ}NPH'~
c,fiff-*nrfiffT!"12*-*!]-r2."%.!T3+5rfiff*!`&(*))+!",*!c,)8
"%.fl ffiff3
?
r-xc
j
*",.12$%!!.!*!$,ff
j
5-ffi*`i`ffi)+)+.!*!ffi7iflDcF!"%+.fiff
icy3hff.icF3+)fiff6/)g1_.3+!"-ffi+fiff5c,ffifl .!
?
ffi?]ŁYXO*ŁyBDCFEXYBDJ}N_ŁxH|O.}ŁFZbffiXB H
c[-ru*!ffik**5r!*!Mc,i4c,!syc,!xwF5(#,*8
k*.+3vffi!-"%*-*ff3c,ffifl-r`tvc,i*+cc
j
"%
j
5r-.3m1_.+-.!=Ki`))+*!-r/
j
8
j
5r-!",*!s,$%+r"%.312*-*!
?

?A@6BDCFE=GIHKJxGKLIB N`xO*NTŁyDNPBDO.XGIHIJ
r2Kc,)*5*r)3+!"m1affi+-2i4;3+3h.5)c{f8
5."%ff)g3h*!ffi"6"%*i*))+*!
?
*)g3h!ffi"%)+)fiffT1_c,!sT!ffi"%*!sF$%!!3h.!]-xc,-fiff]s,$%8
+r"%.312*-*!
?
9?a }ŁyŁNT¡UXGKŁLKN9O£¢¤oNTŁyO*¥IŁN9CyEKN9HIO
m¦|*!!ffi)+fiffxw,gfl 0-.§#%*g1_.!-W3h*!
¨5;3h.+.fiff3!fiff3c,ffi)*_ffii©-r#%*)+fiffr*-.!*!ªmc,i4c,!)"%!c,5#%$%5r5)3hw,!98
-"]k.(3h*!!ffi*!
?
c,)m«
j
*+)p+.fiff*!'c,ffiflocF!-*`&d*e%syc,!xwF56i`e-.)+ffxc,5
j
s,$%+r"%.312*-*!
?
¬ffi?A@6BDCFE=GIHKJ[xGK­NPB®HKJ}xO*N
m&(*))+!",*!'12*+-ffi*!c,ffifl¯.!"%c,)+"%*.fiff3
?
c,-ffi+fiff(12*-*!0c,fiff(-6°±!ffffi$%i4$,"%*!;3fiwF3+*!7-.)Kc,)*)+ff..3h)s,$,++r"%.3
?
²
?a_NPZ£¥oNTŁffiXGKŁyffi¤EK³xHKJB J}NTŁ6­xZ£xHI´=GKNTŁFO*CFEIH|BµX{X
_cF3+*!12*-*!§ir3
-*i¶3+*ip.hcF3+hc
j
ffxw,!","%.!mc,i4c,!·T.+)fiff!r33as,$%+r"%.3
?
zF¸
   
	
ffflfiffififfi ff!"fi
#$fiffi &%
('
)+*-, .0/213fl45 6fl4798 4;:<7=>7?@4A 7
McKenna−Brenner
Meßbereich: 4x4mm
Lasersheet
/
jj
r5-ffi!"

?r>
<(tvc,5r
j
.+!"u-ffi*)&(*e%)gfP)3h.i4)4i4;3§-.i &({t6*!ffi!xcy8CB2+*!ffi!*
?
nofiff"%c,)+]1_.+-.!£-ffi+fiff£-ffi*!DB2+*!ffi!*v!-xc,) &(.e,#%$,5i*!"%
j
5 c,)*!
?
r
E[c,))+.+*rfiffT!""%*)fiff.ffT3ari /
j
"cF)*r!*-ffi.qx!r*g3h*!flE£c,)+)*)3h$GFIH}cFi4i
?
cF)
&(*e,#,$%5ffii4.!
j
.qx!ffi-.3m)+rfiffJ(KGLflL $
j
*ffxc,5
j
-ffi*MB_+.!!.+i4cF3hON
?
\
$%*!ffi*v&(.e%+.ff`1ar+-u-.vKc,)+.vc,ffifl*r!&E£.55r*!5w,!"%#%$%!$PRQRJGSRT(UVLWYX
*!ffi"%*)g3h*5r5r3*Ai )3[Z,+*!ffi-u°±!3h*gfl **!k.*!Mk*ª#,*+i*r-*! \]B_$
¸_^®?
c[-c,)
z
a8
mc,i4c,!98:PfP)3+*i!To-ffi)+sT.3h;Eb*5r5*!ffi5 w,!",*!`-W3h.sT3+.+*!syc,!!=%1ar+-§-r`E£.55r*!98
5 w,!",*!.fiffT!"dc,))+fiff5r.e%5rfiffc,!blaA8°Cb¨ª#%$%"%*!$,i4i*!
?dc
-ffi*)*i
c
1_.fis
1a+-§.!]:PfiffT12*re
j
*!!.2ir3|*r!*E[c,))+.+)3+$(F}8g:ffic,ffi*+)g3h$(F}8¨|5 c,ii4ri &(.e,#%$y8
5i*!p $%)+;3h$,!.3
?
B_*rififf)3+ii4.!b-ffi*Kc,)+.12*55r*!5w,!"%§sGZ%!!.! la 8
.)+$%!xcF!k*.! rieE[c,))+.+syc,!xc,5
j
.`JfTGg(hiL -W3h*s3+*g3`12*+-ffi*!
?
rjE£.55r*!5w,!98
"%*! -.§la 8±.)+$%!c,!k*.! s(Z%!ffi!*!c,ffi)`-*i
\
.+"%5r*fiff£i4;3 -ffi*! /n:T8:9p *s3h*!
! \ ¨}$
¸
²
^
*r!-.ffi3hr"
j
.)3hri4i 312*+-ffi*!
?
:P$%i4;3r)37.!unorfiffPffi!"-*7/m!+ 8
"%!"%)g1_.55r*!5w,!"%ikZ,"%5rfiff
?A~

j
.!
j
.
j
*i*+s3*!3h)g3h*ffffi*!
j
.|-ffi*)*&(.3+ff$P-
k.12*-ffii*!)$%!xcF5/!*"%ffi!"%)g8±noi4r)+)+r$%!)8g:9p *s3h*! i!l6*"%.!)hcy3hk_k.-.!
j
r)+ff.
#%*g1_.!-W3h*!u.!-ffii*!)$%!xcF5*!7:9p.s3h+.!D\ ¨x+$
¸
²
^ ?
¨ffi^*-&d*)+)!"di`e7-xcF)&(*e%)gfP)3h.isyc,5
j
+r*3a12*-*!
?
§noipffiqx!-P8
5fiffffis,*;3-ffi*.!k.*5!ffi*!Eb*5r5*!ffi5 w,!",*!1a+-0i4;3a5;fl  .!.)6&(*tv.!!xcy8mB_+.!!.+)

j
.+pffiflµ3
?
¨|;npo{rq<oA!-+sdo12*-*!
j
*=c,i 3h*ip *hcy3h2.!"%c,)+m!-xcF)
   
	
ffflfiffififfi ff!"fi
#$fiffi &%
9>
&(*e,#,$%5ffii4.!'*r!"% j 5 c,)*!
?
/ jj 5r-!" 
?;>
k*.",3-.!' N9p *i*!3h.55.!0/mffifl j c,
?
*affi+fiffi*))+*-.;B_+.!!.+i4cF3hON j W3hhwF",3
¬f'
ii
?
n¯3±1cF)As,$%ip5rk*r*3+*2)3
-+E[cF)+)+.+.fiffT!"
?
:P71a-ri / j "%c,)4-ffi*)&({t6*!ffi!xcy8CB2+*!ffi!*)#%$%"%*!ffi$%i]8
i4.!
?
c,k.'1a-'*r! j .syc,!!3h.) lc,)"%*i)fiffuc,)K9flµ3!- E£c,))+*)3+$(F[-ffi+fiff
-*! B_*!!.#%. j +c,!!3
?
¨ffi-r*)+.) j .syc,!!3h l6*i)fiff012*+-ffi*!- / j "%c,)hc,!P8
3h*r5 j **fiff!W3
?
r lc,) Hx))+ j *A.!.nrfiffi*)+)!"b5 c,"%.! 3±fPpr)+fiff.12*r)+
j .TfK

L K9flµ3§!-T

L s o
?
. E£c,)+)*hcF!T3+*r5i / j "%c,) j .3h"
¸
-
¦|.i4p *+cF3h5 cF" j . QRJ(Q	 !-1a+-mi4;3o-.i &(*e%",*hwy3;l6¦a
>%>('
-._¨rg8
ic lv.)+r!"%._no5..3++$%!rm.+ir33h*5;3
 &(.e,fl ff5r*2¦fPp=<

8
('	z
/5 8t j 8


'
8
z%('
8
z	 ?
B_*-r!",3A-ffi+fiffd-ic,",*+¨5 c,iimr)3A-r¦I*ip.hcF3++.fiff3m!ffi*-ffi+"
?
¨x.3+3+*
¨5 c,ii*!b1affi+-.!!rfiff3`#%.12*!-W3{_12*r5_.)§-xc j *k. l65ffiff*)+fiff.!T!"%.! c,!
-*MB_*!!.+i4cF3hONsFcFi
?
no! j .)+$%!ffi-**)bo+$ j 5*i )!-)g3[Z%*!-ffi6¨5ffi$%+.)+k*.!k*.!7i E£c,)+)*sFcF!xc,5 j *
-*§norfiffi4.)+)!"
?
n)ffxcF3`)fiff[",*k*.",3*-xcFe'-xc,) E[c,))+.+)+r"%!xc,5 j .2-ffi*! nofiffP8
i4.)+)+ffi!"%*!(k*i ¦|.5=-ffihc,)g3h)fiff(
j
.+ff Z%ff3A1_c,

j
r)Ak**r!*i ¨}c,s3h$%
 ?
.)+.
nF*s33h+cF3!fiff3
j
.-*!(!xc,fiffffifl $,5"%.!-*!0&(.)+)+ffi!"%*!'c,!0¨|5 c,ii4.!c,ffifl)$-xcFe
c,!"%.!$%ii4.!12*-*!(i`effi-xc,e]-*MB_*!!ffi*a#%*-+.fis31_c,
?
&(;3&a5;fl .!.norfiffi4.)+)!"'fl 
j
.-kb|$%5c,+r)hcF3+$%!ffi)++rfiff3h!",*!£5w,e,3)+rfiff
-.)+[¨|5$%*)k**!ffikbff.hc,ffi)+s,$,++r"%.+.!=6-xc,)dff*re,3{-bKc,)+.+p $%5 c,)+cF3hr$%!ª1a-
*!ffiic,5Uff$%+rk*$%!3hc,5U!ffi-0*r!i4c,5#,*3+syc,5=.!",*)3+*5r5r3
?
no)6)+. -"%*i*))+*!ffi4c,i4c,!r!T3+*!)r3hwF3
j
*I#%.3hrsyc,5.!--r`"%W8
i4.)+)+.! °±!3h*!ffi)+r3hwF3
j
*ff$%k.$%!3fic,5r*Kc,)+.+p $%5 c,)+cF3hr$%!
?
cF)db|$%5c,+r)hcF3+$%!ffi)#%.g8
ffxw,5r3+!)0)3hri4i 3fl ffi>npo{q o!- sdoir3-.!*! r! \]B_+$
¸_^

j
*+.!
?
*)ffxc,5
j
1ar+--c,);b|$,5 c,)hcy3h$,!)#,*+ffw,5r3+!)ofl 
E[c,))+.ac,)\]B_+$
¸_^
c,5):9$%5r5r12*3
c,!"%.!$%ii4.!
?
¨ffi sdoVn )*ffa-rA+*c,5c,icF!!3h.!)+;3fiwF3fi
D$%ff!ffi°¨I8:P3[Z%!"

j
._#%.3hrsyc,5.`Kc,)+.+p $%5 cF+)+cF3hr$%!!-fl7-r+*c,5mcFic,!ffi!3h.!)+;3fiwF3
j
.ff$%;8
k*$%!3ficF5*Kc,)*+p $%5c,+r)hcF3+$%!
?
c,!ffi!("%r5r3A!c,fiff \]B_$
¸_^
<
ffi

K 


?r> 
:P3-Z%+.!-7¨|5$%*)k**!ffik**! .+k.*"%.! *r!*![ffi!p$,5 c,)+r*g3h*!/!3+*5"! c,![-.
"%*i*))+*!ffi*!°±!3h*!ffi)+r3hwF3
?
E w,ff*!-0-*nrfiffi*)+)!"%.!us(Z%!ffi!*!u-r
j
*r-*!(fl $%5;8
"%*!-ffi*! l6-Z,e%*!"%.i4.)+)+.!(12*-*!=<
#%$&ffi'(! 


? z	
)$&ff*'+! 


? 
cFhc,)a5w,e,3A)fiff,!
j
.)3+ii4.!7!-d)+$%ir3AsF$%+"%r**!
?
   
	
ffflfiffififfi ff!"fi
#$fiffi &%
%z
)+*  ?ffi7	
 4 ?
 5+6  /25+5fl/ 5
A#%.12*!-ffi.3hlpffi3hrs j 5r-.3¯-xc,)2&(*eF#%$%5ri4.!§fl -A.!k.*5!ffi*! E£.55.!5 wF!"%*!
#%*k*.+3*}"%*-*ff3m!-d"%*)p."%*5;3c,ffifl|*!ffi tvc,i*+c§c j
?
i k.c,)+)+c,"%.sP+wFflµ3hr"%*!$B25-ffi*+!(k*s,$,i4i*!=i`))+*!-r*)`/ jj 5-ffi!"%.!
c,)+",*)+fiffffi!r33h*!(!-d!*r!$%3+)++rfiff3h",*)MB_5r-3h+c,!)fl $,+i*g3_12*-*!
?
B_.2-ffi*`¦Ihc,!ffi)fl $%icF3+$%!12*+-ffi*! -r>B_r5-. -..!k.*5!ffi*!l3+)+syc,!xwF54c,ffifl
/rHYZ,)+!",)+*5r*i*!3hd-.jl6-Z,e% _K(QiL
o
", j r!!3{i a*fiff.!k*.r3k* )+pxcF+*!
?
v/ HYZ%)+ffi!"4-ffi*)&(*)e%)fP)3+*i) j .3+hw,",3Mg(QfQL
o
?
r`B_.)3+ii`!"y1_.5fifflg3h)+pffi!s3hAri&d*e,#,$%5i*!]cF!`1_.5fiff:P3+*5r52c,ffifl
-*§tvc,i*+c(c j "% j 5-ffi.31_.+-.!=o"%*)fiff.ff3`fl $%5",*!-.+i4c,e%.!=<§c,)fiff3`.!.

\
8±Kc,i4p 21ar+- !`-xcF)ono!-.!.l65 c,)gflDc,)+.|.!"%.s,$%pffip.5r3
?
c,)orfiffT3|3hr3+3c,i
c,!-.+*!£no!-]-*<l65 c,)gflDc,)+.1a.-*c,ffi)
?
r*)+.)no!-ffi]1ar+-i	&(*eF#%$%5ri4.!
p$%)r3+$%!r*g3
?
nr!A/9fl !xc,ffiai4;3o-*i &(*e%)gfP)3h.i k**r",3-r5r*fiff3+*!-:9p;3hk.
-* l65 c,)gflDc,)+.A*!ffiic,5!^*-ffi*i &(.e%syc,!xc,5
?
N2−Kanal
O2−Kanal
H2−Kanal
H2O−Kanal
x
x
x
x
y
y
y
y
/
jj
r5-ffi!"

? z
<
\
$%-ffi*vl3+)+sF$%+*s3h
?
/
jj
r5-ffi!"-.*r!k*.5!.!&(*e,sFcF!xw,5
c,ffiflK-rtvc,i*+c
?
r.!k.*5!ffi*!>bo!ffisT3+)+r!--rm5r*fiff3+*!-6:9pr3+k**r!*`lv5c,)g8
flDc,)+.*=-rr!0#%.+)+fiffffi*-ffi*!.!Dbo!s3h.!-*)&(.e
j
*+.fiff)6p $%)r3hr$%!r*3a1ar+-
?
cF)
B_5r-7)3a.! :9ffip.+p $%)+;3h$,!#9r*5r*ano!k.*5
j
5r-*
?
/
jj
5r-!"

? z
k*.",3-rmKc,",-ffi*
B_5r-*o-ffi*o#%.+)+fiffffi*-ffi*!.!(m.3h.s3h$,!)12*5 8
5*!ffi5 w,!",*!c,ffifl-*tvc,i*+c
?
rA5.fiff3h*!ffi-:Ppr3+k*a-* l65 c,)gflDc,)+.¯1a+-ffi¯^W1_.5r)
i  LflL i&(*e,#,$%5ffii4.!b#%.+)fiff$
j
*!r NT8!-bf8/Afiff)+.! k**r"%*!U|1a-.
&(*e%$,3mc,ffifl|-vtvc,i*+c]c
j
"%
j
5r-.31ar+-
?
¨ffi -r/m)12*g3h!"u12*-*! -r>B_r5-. -ffi*.!k.*5r!*! tvc,!w,5$%3+)+fiff3hr"
!-cFffifl-r",5*rfiffMl6-Z%e%A3+hc,!)gfl $%+i.3
?
/
jffij
5r-!"

? 
k.*r",3{1aa-rtcF!xw,5
   
	
ffflfiffififfi ff!"fi
#$fiffi &%
,
0 1 2 3 4
0
1
2
3
4
mm
m
m
0 1 2 3 4
0
1
2
3
4
mm
m
m
0 1 2 3 4
0
1
2
3
4
mm
m
m
0 1 2 3 4
0
1
2
3
4
mm
m
m
N2-Kanal
O2-Kanal
H2-Kanal
H2O-Kanal
/
jj
r5-ffi!"

? 
<
~
cFfiffu-*l6g3h)s,$%+*s3+
?
r.!k.*5!ffi*!utvc,!xwF5v1_.+-.!^W3hkW3
$%3+)++rfiff3h"c
j
"%
j
r5-W3
?
!xc,fiff -.¦Ihc,!)gfl $%+i4cF3+$%!bc,))+*ffffi*!
? 
.-*`&(*e%syc,!c,521ar+-^W3hkW3`*r!1c,!ffi-ffifl +.
c
j
"%
j
5r-.3
?
/
jj
5r-!"

?

#,*+-ffi*ffi3+5fiff3-v/
jffij
5r-!"%)·Txc,5;3fiwF3
?
r /
jj
5r-!"k*.",3
°±!T3+*!)r3hwF3h)p+$,q57
j
*§-rflB_r5-.§c,)§/
jj
5r-!"

? 9?
c,)
c
r*5#%$%! gfQfQ L
/rHYZ,)+!"1a-d.+*fiff3
?
.a¦|+c,!)fl $,+i4cF3hr$%!)hcF5"%$%r3+ffi`))g3a!7-.°±!9fl $%+i4cF3hrscF55",*i*!
j
.sFcF!!3
!-ufl !s3hr$%!r*3c,ffiflfl $%5r"%*!ffi-<Eb*r)+,<«
j
*-ffi/
jj
r5-!ffi"^*-.)v.3+*s3hr$%!)8
sFcF!xc,5)I1a-`*r! lv;3+3+*",*5.",3
?
r;l6r3+3+*p!s3h_)+!ffi-`-fiff4norfiff
j
5-ffi*ir3|-.
lv5c,)flDc,)*
j
*syc,!ffi!T3
? 
*-.) a*fiff3+*fis'r!u-.)+*i lv;3+3+**+",
j
36.!.!$B_5r-p!ffisT3
c,ffifl-ffi*i 3+hc,!)gfl $%+i.3+*!B_r5-
?
/
jffij
5r-!"

? 
#%*+c,!)fiffxc,5rfiff3-ffi*)*!
\
$%+"%c,!"
?
mi -ro°±!3h*!ffi)+r3hwF3K!v.!.i B_r5-pffi!s3Kk*v*ffxc,5r3+*!=Y1ar+-v-*Iffi+fiff)fiff!r33
j
.
c,55r§°±!T3+*!)r3hwF3h)g1_.3hi k*"%.ff Z%"%.!£a*fiff3h.fis"%
j
r5-W3
?
r]+fiffffi)+fiff!;3+3+)g8
j
5r-!"d)g3cF!£-r*)+.`:T3h*5r5]*r!*v!$,+i4c,5.!b°±!3h."%hcy3h$,!#,$%+k.k*r*ff.!=12*5r!
*!ffi*i¶#%.+k.*+g3h.! lv;3+3h.a-v*r!k*.5!.!'no5.i4.!3h!3h*)+fiffr*-5rfiff&lv Z%e%.!0ffxcy8
j
.!
?
c,!!*!3+)3h.ff3m.!&d$%*i`)g3h.*-xcF)-K.)
j
cF+s,.r3a-.)3h+c,!)fl $,+i*g3h.!
B_5r-*)A)g3[Z%g3
?
   
	
ffflfiffififfi ff!"fi
#$fiffi &%


      
  






	

 
 


 

ff
fi
fiflffi
 


!
ffi
"
## $$
%% $$

$$
## $$

/
jj
r5-ffi!"

?

<bo+$,qx5r
j
*A-r6/
jj
5-ffi!"%.!#%$%!5.fiff3h.!-*! lv5c,)flDcF)+*)+p;38
k**!£!-*!#%.+)+fiffffi*-ffi*!.!tcF!xw,5.!
?
n)1a-b.!4l3+)hc,rH Z%)+!ffi"(#%$,!DgfQfQ L
*+*rfiffT3
?
Ortskorrektur
x
y
x
y
verzerrtes Bild auf der Kamera korrigierte Abbildung
/
jj
r5-ffi!"

? 
<2tm$,++.s3h-*/
jffij
5r-!"c,ffifl-*mtvc,i*hc
?
no!(mcFic,!ffisFcF!xc,5
1a+-'#,*k**3*|"%.-+.ff3v!-"%*)p."%*5;3vc,ffifl-r§tvc,i*hc7c
j
"%
j
5-ffi.3
?
&(;3amr5rfl 
*!ffi*) lv;3+3+*++c,)3+*)1a+-d-xc,)B25-7$,3h)"%.3++.d3+hc,!)gfl $%+i.3
?
   
	
ffflfiffififfi ff!"fi
#$fiffi &%
%
. j *)+fiffffi+ j .!A/5r"%$%r3hffffii`)K)g3¯)+fiffffi!*5r5 ,12*!!]-xcF)¯+.)+5;3h.+.!-;B_r5-1_ 8
!"%.boON9*5=.!3hffxw,5;3ac,5r)A-xc,)A)+p!"%5rfiff
?
n)ar)3|^.-$9fiff(c,fiffdi"Z%"%5rfiff= B_5r-*
k*b#,*"%-Z%e,*+!
?
°±i +)+pffi+!",) j r5-1a+-!-r*)*i ¨}c,55Ifl _^*-.) /mrHYZ%)!"%)8
*5.i4.!3m j ..! boON9*5)ii4r*3
?
°±!u-r*)*i n N9p *i*!31a-§-.v&(*e j .+*rfiff'#%$%!$PfLflL  PfLflL c,9fl*!ffi
lv Z%e%v#%$%! K(Q  K(QjB25-ffip!s3h.!03h+c,!)gfl $%+i.3
?
B2*|12*!ffi"%.pB_r5-pffi!s3h*!(*8
)+fiff.!.!£-r B_5r-*",+$ j "%.hc,)g3h*g3v!-)+r!-)+fiff1_.k.br!T3+*p+W3h.+.!
?
&(.ff
B_5r-p!s3+v#,*5 c,!",)hc,i*!-r6/)g1_.3hffi!".+ff j 5rfiff
?
   
	
ffflfiffififfi ff!"fi
#$fiffi &%
,¬
)+* )   	
 4 ?
 6fl47 4  7413fl45+7
! -.)+.i n N9p *i*!3(#,*g1_.!-.3+*! tvc,!3h.!ffiqx5r3+*)+r!- !ffififf30ri4)g3fic,!ffi-,
-§c,i4c,!)"%!xcF5v-**!ffik**5r!*!:Pp.k*.)6)hc, j .#%$%!ffi*!c,!-.6k*'3h*!!ffi*!
?
no)
s,$%ii36-.)+ffxcF5 j k**r!*i « j *)+p*fiff.!£-.) c,i4c,!)"%!xcF5)*!ffi*v:9p *k..)vc,ffifl
-§m.3h.s3h$,!)+syc,!xwF5§-.vc,!-.+*!b:9p *k..)
?
m*)*)6i`ffie7icF3+ff*i4cF3+)+fiff0s,$%+;8
"%.3A12*+-ffi*!
?
B_W3h+c,fiff3h*!v1aU-ori npo8±.3+*s3hr$%!)sFcF!xc,5%"%.i4.)+)*!°±!3h.!)+;3fiwF3 
	
?
mW8
)+').3hkW37)+rfiff c,!3h.5r"bc,)-ffi*!Mc,icF!!3h.!)+;3fiwF3+*!c,55r*]"%.i4.)+)+.!*!:9p *k..)
k*)+c,i4i*!
?
no)a"%r5r3-c,ff*.<
	"$
XmX

	 '
X
o 	'
X
	'
X
ff	 
 
?


	<"%.i4.)+)+.!°±!T3+*!)r3hwF3ai npo8tvc,!xcF5
flfi <+*c,5vc,i4c,!r!T3+*!)r3hwF3-.m:9p.k*r*)ffi
! #" <tm$Pfl$k.*!3+*!=x-rvc,!"%
j
.!=1av)g3fic,s
-xc,)«
j
.+)+pffi+*fiffffi*!'r)3
rtm$Pfl$k*r*!3h.!%& '")!- c,e%.+-.iR$%3+)hc
j
ffxw,!"%r"Y1_.5)fiff-ffi¨5;3h.+syc,!3h
i4;3A-*i EM!sF*5K-*)c,9flµ3h+ FU.!-.!'fiff3h.)w,!-.3
?
:P3+*5r5r3`i4c,! -r$
j
r"%+l65.fiffT!"'fl ]cF55.3+*s3hr$%!)sFcF!xw,5cFffifl)+$*"%
j
3
)+fiffd-xc,)Afl $%5r"%*!ffi- lv5r*rfiffPffi!"%)+)gfP)3h.i(<
()
)
)
*

	
	
	
	
+-,
,
,
.
$
()
)
)
*

XmX

X
o/
X

X
Ro
X
Romo/Ro

o


-X


o/


0

[X


o/
1


+-,
,
,
.32
()
)
)
*
4	
45	
4ff	0
4ff	
+-,
,
,
.



? 	
$P-*acFfiff
Q
$687 


? ¬
r7&0cy3h+ N96 r!!.+ffxc,5
j
-."lv5r*fiffT!ffi"

? ¬
1a-[#%$%!(^W3hk.3§c,!c,5)«
j
*8
)+p*fiffi4cF3hON
j
.k*.fiff!W3
?
m't$9:$k*.!3h*!ªc,ffiflv-.7 cF"%$%!xc,5r*! -*«
j
*8
)+p*fiffi4cF3hON",
j
*!(c,!=12*5fiffffi*/!3h.5=-.mc,i4c,!r!3h*!ffi)+r3hwF31ar+sT5rfiffdr!7-*i
*!3h)p+.fiff*!-ffi*i &d*e%syc,!xcF5-ffi.3h.s3h.3]1a-
?
/!ffxcF!-.!.4:9pxc,5;3h)g3c
j
k*P8
5*)*!=1a7)g3fic,s[-dc,i4c,!)+r"%!xc,5r.!.:9p.k*r*)]!-rc,!-.+*!ª&(*e,sFcF!xw,5

j
.+)p+.fiff*!
?
lvc,!k$(F*!)fiff3h5rfiff.+ffxw,5;3_i4c,!4-+rfiffT3+"%.!c,i4c,!)+r"%!xc,5rA!xc,fiff7/mrHYZ%)*!
-* l65*rfiffT!"

? ¬
<
7%$6
WYX
Q



?
²

   
	
ffflfiffififfi ff!"fi
#$fiffi &%

²
r B_**fiff!T!" -ffi*1c,ffffi+*! mc,i4c,!)"%!c,5'*-ffik*.3()+rfiffRc,5)$ c,ffifl§-xcF)
°±!T#,*g3h.+.!0-.m« j .+)p+.fifficy3h+ N7fl ^*-ffi*!0l6g3h)p!s3
?
rl6-Z%e%m-*at$9:$k*.!3h*! & '"5 w,e,3_)+rfiff(cF)anofiffi*))+!",*!i4;3Aa*r!"cy8
)+*! j *)g3hii*!
?
¨|-rnofiffT!"]ir3 npoA+.-k*r*g3A)+rfiff7-l65.fiffT!" 
? 
c,ffifl
-v¨x$%i
()
)
)
*

	
 	
 	 
 	
+-,
,
,
.
$
()
)
)
*

XmX

X
o/
X

X
Ro
X
Romo/Ro

o


-X


o/


0

[X


o/
1


+-,
,
,
. 2
()
)
)
*
4	
Q
Q
Q
+-,
,
,
.

 
? 
:9$,i4;3Ks(Z%!!ffi*!`-r« j *+)p+.fiffs,$Pfl$k.*!3+*! 
XmX
j ) 
[X
c,ffi)|-.norfiffi4.)+)!"
i4;3o+.!.i :ffic,ffi*+)g3h$(F j .)3hri4i 3¯1_.+-.!=1_$ j .x!§-r*)+.i ¨}c,55Pfl ¯-rA"%*)+c,i3+
°±!T3+*!)r3hwF3%	A"%r5r3{<
	 $  	 ' 	 ' 	 ' 	 


? ¸
r6nofiffi*))+!ffi"%*!di4;3;npo{rq<oYYsdo n !- sdo
j
.)3hri4i*!7-ffiv:9pc,5r3+*!7-.
«
j
*+)p+.fiffi4cF3hON
?
ratm$Pfl$k*r*!3h.! 
X
j
) 
1
T-rAc,)-.2norfiffi4.)+)!"i4;3 E[cF)+)+.ff*g#%$%8
"%*ff.!=Ki`))+*!"%.)+$%!ffi-*g3
j
*ffc,!-.5r312*-*!=12*r5¯*)6!rfiff3vikZ%",5fiff()g3{nofiffP8
i4.)+)+ffi!"%*!c,!0+*r!*i E£c,)+)*#,$%+k.!*ffffii4.!
?
no)fl !s3hr$%!.3c
j
** 1_.!!-
/!3h.5-*A.!k.*5!ffi*! lcF)+
j
*=-ffi*`E£c,)+)*+.fiffT!"
j
*syc,!!3a)+r!-
?
cF)",*!xc,ffi
\
$%+"%.ff*!1a-(ri !w,fiff)3+*! !3h*syc,pr3+*5=.+5w,ffi3h.3
?
&(;3-*2t6*!!3h!ffi)-*_«
j
*+)p+.fiffi4cF3hON)g3*)_i"Z%"%5rfiff=,-xc,)«
j
.+)p+.fiff*!
k.1a)fiff*!-.!.3+*s3hr$%!)+syc,!w,5.!uk*s,$%+r"%.+*!
?
/
j
*1_c,)6pxcF)+)+r*g3{UflDc,5r5)-
«
j
*+)p+.fiffi4cF3hONdc,!d*r!",*!dl3+)+p!ffisT3+*!(!fiff3!#%.3+*
j
c,a)g3

a*ffr5rflµ3*r!sT5.!.2i4cF3hffffi*i4cF3hr)+fiff._t6!)g3h"% F12*r3+*.9-r6:9r!"%5w,12*g38
k**5."%!"
?
lv5r*fiffT!ffi"

? ¬
syc,!!'cFfiff0r!(-.fl $,5"%.!-*!(¨x$%+i "%*)fiff+r
j
*!012*8
-*!
?
Q
$ 6
WYX
7 


?;> '
12$
j
*-ffi]&0cy3h+rk*.! !ffi-
WYX
r!#%*g3hr*
j
c,)+r!-u!- 6|c,"%$%!xcF5rfl $%i
j
.)+r3+k.3
?
.)+
c
.+5."%!"()g3`ii*vikZ,"%5rfiff
?
¨}c,5r5)-&0cF3++ON6!rfiffT3!98
#%*g3hr*
j
c,v)3*=1_.+-.!£-r`*!3+)+p*fiff.!-*!m c,"%$,!xc,5.5.i4.!T3+§c,ffifl2*r!*! Eb*g3
!"%5r*fiffjQ"%.)+.3+k.3
?
m*)6&0cy3h+ Nff*re% 6
	 	
?
:9$,i4;325c,)+)*!)fiff-ffis,$%+",*g3h.!
&(*e%)"%!c,56.!ffiflDc,fiff
j
*+.fiff!.!
7fi$ 6
	 	
WYX

WYX
Q



?;>%> 
r B_**rfiff,fl 6-r"lv5r*rfiffPffi!"

?;> '
!fiff3v5 Z,)
j
c,)3*)+r!-!u-.!£c,ffi)+"% 8
1_.3hW3h.! B_5r-*!75.fiff3ak*d*s,*!ffi!*!=}12*5)#,$%55r)3fiwF!-"`#,*hc,)fiff3)+r!-
?
   
	
ffflfiffififfi ff!"fi
#$fiffi &%
 
)+*   <7@7 4  4;/ 13  5 
EM j **;3h).1_w,ff!3{,sFcF!!`-r E£c,)+)*+.fiffT!"6!ffififf3oir3I+.!.i!E£c,))+*-+fiffP8
"%.fl ffffi31_.+-.!
?
nofiffT!ffi"41a-(r!(-ffi*)*i ¨}c,5r5=i / j "cF)m.!.)&(*t6*!!xc8
B_+.!!*) j *icF"%**+. :P3[ZPfiff$,i4W3h+r`#%$%"%*!ffi$%i4i*!
?
¦I*ip.hcF3+ ffi!-
-klvc,)+k.rHx))+412*-*! j .o-* nofiffT!"di4;3h"%.i4.)+)*!
?
c,+c,)5 w,e,3)+fiffb-
/ j "cF)+k*ffi)hc,ii4.!)+W3hk.!"]1afl $%5r",3 j **fiff!ffi*!=x12$ j .=-r"%*)g3hfiff.!*!lv Z%e%.!
-6/m!k{c,ffffi5I-ffi*m&($%5r*sT56ri / j "c,)ac,!ffi"% j *!
?
no)"%5;3{<
PRq<o '& npo 'J(sdo PRq 	
o
'J(sdo n 	 
 
?;>z	
cFhc,)Afl $%5r",3fl $%5r",3_fl ffi.!6i4c,"%.+v¨5c,ii4
q 	
o
$ q<o 
 
?;>Y
n
	
o
$ npo

J
sdo 


?;>


sdo n
	
$ s o 


?;>	
s 	
o
$ Q 


?;>Y¬
.a/!3h.5=#%$,!sdo n68g&($%5r*sT5r*!7i /
j
"%c,)	 
	

j
.3h+w,",3
 ff	  $
sdo n
	
n
	
o
' q
	
o
'sdo n
	
' s
	
o



?;>
²

c
@B2*+.fiff!T!"-ffi*Itm$Pfl$k*r*!3h.!r!-ffi*K-+;3+3+*! :9pxc,5;3ho-.«
j
.+)p+.fiffic8
3h+ N1ar+-c,)a-r*)*! lv Z%e%.!d.+ir33h*5;3{T1_.5fiffv°±!3h.!)+;3fiwF3+*!
j
**r!*anorfiffPffi!"
i4;3
> 'f'
sdoVn c,ffiflµ3++.3+*!1a+-ffi*!
?
cFk*01ar+-'-r«
j
.+)p+.fifficy3h+ N0fl ffim-r`nofiffT!ffi"7c,!'*!ffi*i E[cF)+)+.6c,ffifl 8
"%*)g3h*5r5r3
?
()
)
)
*

	

	

	

	
+-,
,
,
.
$
()
)
)
*

XmX

X
o/
X

X
Ro
X
Romo/Ro

o


-X


o/


0

[X


o/
1


+-,
,
,
.
2
()
)
)
*
Q
Q
4
	

Q
+-,
,
,
.



?;>
l65.fiffT!"

? ¸
!ii3!T!(-fl $,5"%.!-v¨x$%+i c,!=<
	 $  	 ' 	 ' 	 ' 	 


?;>Y¸
   
	
ffflfiffififfi ff!"fi
#$fiffi &%
,¸
rm:9iic,!ffi-*!!jlv5r*rfiffPffi!" 
?r>Y¸
s(Z,!!*!!fiff32-*s3_",*i*)+)*!1_.+-.!=
c j .§*)])g3]ikZ,"%5rfiff=¯)+rc,)§-.!/ j "c,)i4.e,12*3+*! k* j *+.fiff!.!=_12$ j .A-
"%*)g3h+rfiff*!ffi*! l6-Z,e%*!71a.-*Afl a-rpE£.3+ri / j "c,)A)g3h*ffffi*!=<
	 $   	
	


	
   	 	
	
'  	 	
	
'  ff	 ff	
	
	

	

 ff	 

 
? z('
	 $   	
	


	
   	 	
	
'  	 	
	
'  ff	 	
	 	

	

 ff	 

 
? z9> 
ff	,$   	
ff	
 

	
   
	 	
	
 '  5	 	
	
 '  ff	 	
	

	

	

 	

 
? z%z	
  	 $   	
 	


	
    	   	
	
'   	   	
	
'   	   	
		

	

 	0

 
? z,
 fi <"%.i4.)+)+.!°±!T3+*!)r3hwF3ai ffi08g&(.e%syc,!xc,5®ffi12*!!(i4;3+.!.i
E£c,)+)*a"%*.fiff3a1a+-ffi
 fi </!3+*5U-*m:9p *k.*)ffi i /
j
"%c,)
 fib<°±!3h.!)+;3fiwF3ari¶tvc,!xc,5
j
*KnorfiffPffi!"4ir3
> 'f'
-*m:9p *k.*)ffi
rl6-Z%e%.! fi|ffi-6cF!"%
j
*!Uffi1a)g3fic,s-r6:9p *k..) ffi
j
.=ff*AnorfiffPffi!"
!-*!4tvc,!xc,5R
j
*)+pfiff3{P)+r!-cF)2-ffi*!4nrfiffi*)+)!"%.!ir3npo{ q o2!ffi->sdo
j
.sFcF!!3
?
cF)uno+"%
j
!)'1ar+- !ffi$9fiff .3±1_c,)u"%.!xc,.*1_.!! -ffi &d*e,12*g3h( fiir3

ff	 

	


ff	 

	
i`5;3hrp5rk*.3 1_.+-.!=1_$
j
.

ff	 
ff
	
-*]3h.i4p *+cF3hffihc
j
8
ffxw,!"%r"%(mc,i4c,!·T.+)fiff!r33#%$,! E[cF)+)+.
j
*c,i 3h*ip *hcy3h!-

ff	 

	
-*flfi*)+fiff!ffir3+3
j
*=/
j
"c,)g3h*ip *hcy3ha)g3
?
&(;3o-.!*ffxc,5;3h*!ffi*!dE£.3+*!sFcF!!4.!anorfiffPffi!" ir3
> 'f'
E[c,))+.2)i`5r.3
1_.+-.!
?
:9$%ir3=5 c,))+*!)+rfiffcF55¯tm$Pfl$k*r*!3h.!-.|«
j
.+)p+.fifficy3h+ N
j
*+.fiff!.!
?
)+*ffi .0/213 +5 ! #" 4;/ 5   7 4
"%*i*))+.!°±!3h.!)+;3fiwF3 flfi *r!*:9p *k.*) ffi 1ar+--fiff[-°±!3h.!)+;3fiwF3$ fi
j
.|-.norfiffi4.)+)!"-;#P-r*3
?
m°±!ff$%i$%"%.!r3hwF3h.!(ri Kc,)+.+)+ffffi*.3"%5.fiff.!
)+fiff(c,).1_.5)vc,fiff(!7-.nrfiffi*)+)!"#%$%ffxc,!-.!0)!-
?
&0cF!(.+ffxw,5;3A-rvtm$%!k.*!3h+cF3hr$%!, fiM*r!*:Pp.k*.)ffi <
 fi($
flfi
 fi



? z


a*+c,)I1_.+-.!!c,fiff§/
j
)fiff!;3+3
z9? z9? z
-r_¦I*ip.hcF3++.!
j
.+.fiff!.3ffi!-§-
mc,i4c,!-cF3h.!dir3-*i 3+*ip.hcF3+hc
j
ffxw,!","%.!mc,i4c,!·T.+)fiff!r33s,$%+",*g3
?
   
	
ffflfiffififfi ff!"fi
#$fiffi &% 
'
)+*  .0/25`4 7@13 /V? ?@4 6fl4   +7 4 ?
+5 	 /
  7?/ 4 ffi?
 5 4;/ 5+4  8 1  e45+5   A A 4
O2−Eichung 
N2−Eichung H2−Eichung 
H2O−Eichung 
O2 
O2 O2 
N2 N2 
N2 N2 
H2 
H2 
H2 
H2 
H2O 
H2O H2O 
H2O 
Laserleistung 
O2 
/
jj
r5-ffi!"

? ¬
<(a$%ff
j
r5-.§*!ffi*nofiffT!"bc,!.!"cF)+*! !-c,i &(*t6*!!xc8
/
j
"cF)afl ffiA-E£c,))+**rfiffPffi!"
?
B_)ac,9fl-rsdo+8g&(.)+)!")+!ffi-`^W1_.5r)
> '
B_5r-*
"%*ir33h*5;3
?
.ffi3h5rfiff§)g3ok*§)*ff.!=1a-c,)&(.e%)+r"%!xc,59*!ffi*)¯*!ffi*!"lvc,)+.)c,ffifl -
c,!-.+*!tvc,!xw,5r
j
*+)p+rfiff3
?
raIcF)+*5.)3+!"61a-]i4;3amr5rfl .!.
lv5c,)flDcF)+*
i4;3h"%.i4.)+)+.!=-rmc{fP5."%ff)g3h*5rfiff3A-.)mKc,)*)c,9fl-rvtvc,i4.hc§
j
*g3hhwF",3
?
/
jj
5r-!"

? ¬
k.*r",3A-ra$%ff
j
5r-*AcF)*r!*nrfiffi*)+)!"i4;3a*r!"c,)*!
?
B_*npo{ q<o!ffi- sdo71a- -^W1_.5r"%:Pp.k*.)7-*s3! -c,)d&(*eF#%$%5ri4.!
*!ffi"%
j
5c,)+.!
?
¨]-r+s o[nv8norfiffPffi!"u1a+- -.&d{t6*!!cy8CB_*!!ffi*i4;3§*r!*i
-.qx!ffi*g3h.! lc,)"%*i)fiff
j
.3h
j
.!!--c,hc,ffi)-*
E[cF)+)+.hc,!3+*5i /
j
"c,)
j
 8
+*fiffffi!.3
?
rnrfiffi*)+)!"*gfl $%5",3i /
j
"c,)a-.)B2+*!ffi!*)
?
B_. npo*q<o§!ffi- s o[n )!-[r![-r*)+.i©¨}c,5r5
> '
B_r5-. ",*ir3+3+*5;3
?
c,) s o+8
:9"%!c,5
j
.)3h.ff3a!Pffic,)

"%.i4;3+3h.5r3+*!>B25-ffi*+!UT12*r5
j
* *r!",*!>B25-ffi*+! mi"%W8
j
!"%)5ffiflµ3ri &(.e,#%$%5ri*!-&d*)+)!"#,*gflDw,5)fiffT3+
?
   
	
ffflfiffififfi ff!"fi
#$fiffi &% 
>
rv&(.)+)+ffi!"%*!(k*."%.!d-ffi*ffi3+5fiffUffi1a6-r6c,icF!)+r"%!xc,5rm-.A*r!k*.5!.!0:Pp 8
k*.)_^.12*5r)vc,ffifl2-§&(*e%syc,!w,5§-.c,!-.+*!£:9p *k.*)v j *)+p*fiff.!
?
/fiffb-
°±!ff$%i$%"%.!r3hwF36-.)Kc,)*+)ff*W3h) )3vk.b)*ff.!
?
:9`1ar+-p+r!k*rp j *-r!",36-ffi+fiff
-xc,)m&(5;3hpc,)+)g#%*gflDc,ff*!(#,*+)+c,fiff3
?
rIcF)+*5.)3+!"v1a-4ir3a5;fl A*!ffi* lv5c,)flDcF)+*.T!]-c{f95r*r"%ff)3++.5rfiffT3
-*)mKc,)+.+)a*r!"%*sF$%pp *5;3A1a+-Uxi4;3h"%.i4.)+)+.!
?
O2−Eichung 
N2−Eichung H2−Eichung 
H2O−Eichung 
O2 
O2 O2 
N2 N2 
N2 N2 
H2 
H2 
H2 
H2 
H2O 
H2O H2O 
H2O 
O2 
/
jj
r5-ffi!"

?
²
<_nofiff
j
5r-*a!xcFfiff'-*l3+)+s,$,++.s3h
?
c,)m/
jj
r5-`^*-.m.!k.*5;8
!*!':9p.k*r*)a*!3h)p+rfiff3.!.i &(.e
j
.+.fiff(#,$%! PfLflL P(LflL
?
/
jj
5r-!"

?
²
k*.",3]-ffinofiff
j
r5-.§!xc,fiff -*4l3+)+s,$,++.s3h
?
r B_5r-*
-**r!k*.5!.!7:9p *k.*)5r*"%.!6^W3hkW3_$%g3h)+fiff3+"v*!3hk.*3ffi!-
j
*)r3hk.*!-ffia"%5.fiff
lv Z%e%
?
/
jffij
5r-!"o^*-.o:9p *k.*)*!3h)p+rfiffT3¯*!ffi*i &(*e
j
.+*rfiff`#%$%! PfLflL  
PfLflL
?
r`/
jffij
5r-!"#,*-*ffi3+5rfiffT3v!ffi$9fiff*r!i4c,5|-ffi`/m)+)+c,"%*!k./
jj
r5-!ffi"

? ¬
x-6-ffi+fiffd-6sF$%+*s3hl3h)+c
jj
r5-ffi!"^.3hkW3*!9flDc,fiff*Ak.(.+sF*!!.!')+r!-
?
c

j
*))+.+*!°±55ffi)3h+cF3hr$%![-.)«
j
.+)p+.fiff*!)4)+r!-r!/
jj
r5-ffi!"

? 
c,5r5
tcF!xw,5d-fiff ff4!sF$%+"%r*3+*)4nofiff
j
5r--;#P-r*312$%+-.!
?
cF)ff.e,3*Ai
npo8nofiff
j
r5-1a+-ffi0-.jnpo8±tvc,!xc,5A-ffi+fiff-c,)>npo8±nofiff
j
5r--r#P-ffi*g3{-*kq<o+8
tcF!xc,5A-fiff-c,)"q<o+8norfiff
j
5- ffi)1
?
c,)]*!3h)p+rfiff3.!.§/)g1_.3hffi!"[$%ff!ffi
«
j
*+)p+.fiffs,$,++.s3h.U-r6!Pffi-ffiv°±!ff$%i$%"%.!r3hwF3-ffi*)mIcF)+*)+ff..3+)*5ri!r*g3
?
°±i npog8nofiff
j
r5- )g3]-*"npo8±tvc,!xc,5-c,ff*]ff$,i4$%",*!!- "%5.fiff
>%?
c,)]r!
-*!£c,!-.+*!btvc,!xw,5r*!!$Pfiffb-ffi.3h.s3h.3+:P"%!xcF5)g3v-xc,)«
j
*)+p*fiff.![-.) npo8
   
	
ffflfiffififfi ff!"fi
#$fiffi &% 
z
O2−Eichung 
N2−Eichung H2−Eichung 
H2O−Eichung 
O2 
O2 O2 
N2 N2 
N2 N2 
H2 
H2 
H2 
H2 
H2O 
H2O H2O 
H2O 
O2 
/
jj
r5-ffi!"

? 
<nofiff
j
5r-*_!xc,fiff-*aa$%ff!ffi$%+i.+!"$%ff!«
j
*)+p*fiffsF$%+*s%8
3h
?  
*-.A&(.e%syc,!xc,5}1a+-ffi-fiff)+.!7norfiff
j
5-s,$,++r"%.3
?
rKc,)*+r!ff$%i$F8
"%*!;3fiwF3A#,*)+fiff1a!-ffi.3ffi!-(-c,)«
j
*+)p+.fiff*!(1a+-sT5 cFA)+fiff3
j
c,
?
mc,i4c,!)c,ffifl -rc,!-ffi*+.!4&(*e%syc,!w,5
?
r·Txc,!3h;3ficF3+r#%.! l6-Z%e%.!§-*)«
j
.+)p+ 8
fiff*!)m)+r!-i /
j
)+fiffffi!r33
9? 
c,!",*"%
j
.!
?
no!3h)p+.fiff*!-ffi*)]"%5;3vfl -rcF!-**! B25-ffi*i4;3 /m)+!c,ffi-.) E[cF)+)+.+).
-xc,)m^+c0ri &(*t6*!!xc8±/
j
"c,)`"%.i4.)+)*!1a+-
?
°±i sdo8norfiff
j
5-£ N9)g3h.3*!ffi
nfisF$%ffffi! &(*e%)"%!c,5 P1_.5-.lg3h)
j
**rfiff(!rfiff3#,$%55r)3hw,!-r"]c,ffifl|-vtvc,i*+c
c
j
"%
j
5r-.3A12*-*!(s,$%!!3+
?
~
c,fiff#,$%55r)3hw,!-r"%*|/)g1_.3hffi!"r!sT5)r#%a«
j
.+)p+.fiffs,$%+.sT3+_.+"%
j
3)+rfiff
/
jj
r5-ffi!"

? ¸ffi?
°±!^*-.inofiff
j
5r-u)g36!T!b-c,) :9"%!c,5"%5r*rfiff
>%?
no)v"%
j
3s,*r!
:9"%!c,5i*ffffiAc,ffiflI-.!c,!-.+*!dtvc,!xwF5*!Uffi-xc,)«
j
*+)p+.fiff*!()g3_#%$,55)g3fiw,!ffi-" s,$%8
+",*g3
?
r°±!T3+*!)r3hwF3h.!
j
*A-."E£c,))+**rfiffPffi!"£.!T3+)+p*fiff.! -*!k*ffi#,$%]*8
+*fiffffi!.3+*!
?
.`/5r"%$%r3hffffii`)k*§«
j
.+)p+.fiffs,$%+.sT3+]fl !s3hr$%!.3a^*-$Pfiff !fiff3`fl ffi
^*-.)pboON9*5K-.m/m)12*g3h!ffi"
?
¨^*-ffi*!ulg3h)+pffi!s3i`ffie4r!§^.-*i tvc,!xcF5ff!98
+*rfiff*!ffi-M#Pr*56&d*e%)"%!xcF5k*ffi
\
*gfl "%!" )g3h.ff*!
?
E£.!! -r:9",!xc,5r!3h*!ffi)+r3hwF3
!fiff3c,)+*rfiffT3*|5rWfl *3-*/5r"%$%+;3hffi)s,.!)+r!!#%$%5r5*)no+",
j
!r)
?
.)+"B_ 8
+*rfiffv)+r!-0cF)+"%
j
5.!-W3
?
   
	
ffflfiffififfi ff!"fi
#$fiffi &% 

O2−Eichung 
N2−Eichung H2−Eichung 
H2O−Eichung 
O2 
O2 O2 
N2 N2 
N2 N2 
H2 
H2 
H2 
H2 
H2O 
H2O H2O 
H2O 
O2 
/
jj
r5-ffi!"

? ¸
<6nofiff
j
r5-.!xc,fiffb«
j
*)+p*fiffsF$%+*s3h !-
~
$,+i*!"
?
B_ 8
+*rfiff,x-ffi-ffi+fiff-«
j
*+)p+.fiffs,$,++.s3hm!fiff3ac,ffi)+"%W1_.3hW3m12*-*!ds(Z,!!*!U
)+!ffi-£c,ffi)+"%
j
5.!-.3
?
§°±!3+*!)r3fiwy3h*!
j
*o-.E£c,))+**rfiffPffi!"0.!T3+)+p*fiff.![-.
#%$%ff*
j
.+.fiff!.3+*!'/
j
"c,)k*)+c,ii4.!)+W3hk*ffi!"4-ffi*)&({t6*!ffi!xcy8CB2+*!ffi!*)
?
   d  
	

 
7
 "* !3  ?  4 4"?  5fl45+7? ?@/ 7?@/ 
B_*
j
.sFcF!!3h*i :9",!xc,5;8±mcF)+fiff98
\
*ffxw,5r3+!)vr)3`.)`i"Z%"%5rfiff=-fficF![-*`tcy3hff$F8
-A-*)
B_r5-ffi#,*)3fiwF+s,.+)c,9flµ3h+W3h.!-*!kboff$,3+$9.5*s3++$%!.!§k*
j
*+.fiff!.!=P12*!ffi!4-xcF)
:PfP)3h.i -ffi*b|$%r)+)+$,!98g:P3hcF3hr)3+s"%.!T",3
?
c,)
j
.-*ffi3+.3*%-xc,)|mcF)+fiff.!`1a- -ffi+fiff
)3ficy3h)g3hr)+fiff m)hc,fiff.!`-$%i!ffi*g3!-c,!-.+2mcF)+fiff·T.55r*!=y1ak
?
B
?
boON9*5rhc,98
)+fiff.!cFffifla-*`tcFi4.hcffi|)+!ffi-[i4r!i4c,5
?
.)12*r3+**!1a+-£c,!"%.!$%ii4.!=¯-xcFe
-xc,)vc,)+fiffffi*!=-xcF)
j
.-.vno+k*."%!ffi"#,$%!$boff$,3+$9.5*s3++$%!.!c,iB_5r-ffi#%.+)3hw,g8
s,**!3+)3h.ff3{ ic,e,"%
j
5rfifffl a-xcF)l6*)+c,i3+hc,)fiff*!(-*):PfP)3+*i)mr)3
?
m*)-xc,gfl
c,!"%.!$%ii4.!12*-*!U1_.5A!xc,fiff -.i B_5r-ffi#%.+)3hw,+sF**r!ff$%ff/!ffik{c,ff5A#,$%!
bffffi$,3h$%!ffi*!'fl m-tcFi4.hc4k.
\
.fl "%ffi!")3+*ff3{U)+$-xcFe-xc,)6tvc,i*+c,hcF)+fiff.!
#%*!xc,fiff5w,)+)",3a12*-*!(sFcF!!
?
c-xc,)¦Aff*i4cc,)fiff*!0!- boff$,3+$9.5.sT3++$%!ffi*!)g3ficF3+)3+sri4i*1ar*-.mk.
\
*1ar+!"(fl ffiff3*1_.+-.! -
c
)+c,i4i*!ffiffxw,!"%]ffr*!$Pfiff[*r!icF5o55r)3++r*3
?
/!r3h.hcF3+¯k.¨x*ff5r*+*fiff!T!ffi")!-]k
?
B
?
\ Eb*5
^
 \ :9·T
^
!ffi- \ ¦|cYf
^
.i4pffifl .ff5.!)g8
1_.3
?
no)I"%5;3=fl K-"%.i4.)+)*!2°±!T3+*!)r3hwF3 
j
.P.!.|&(*))+!"c,)q &(.)+)!"%.!=<
fl $ UVh 

P?r> 
fl <"%.i4.)+)+.!°±!T3+*!)r3hwF3
U < N9p *i*!3h.55tm$%!)g3fic,!3+
h </!ffik{c,ff5-ffi*Mboff$,3h$P*5r*s3h$%!.!

<°±!-VN-.&d*)+)!"

 q
&(;3a-*Wqx!;3h$,!7-*)&(r33h.5r12*3+*)a-.°±!3+*!)r3fiwy3
,
   
	 R %  
 
r 

 $


 
X
fl 
q


P? z	
r)3a-r
\
c,+c,!k-.a°±!T3+*!)r3hwF3

-.q!.3c,5r)

o

$


 	
X
  fl  
	
o
q


P? 
/m5)+$]"%r5r3_!xc,fifflv5r*fiffT!ffi"
P?r>

o

$


 	
X
  fl  
	
o
q
$


 
X
  UVh  U

h
	
o
q


P?


cFhc,)a5w,e,3A)fiffd-6*5 cy3hr#,:P3ficF!-xc,-xc j 1_.fiffT!"



j 5r-*!U<



$








W

ff
	



$





flfiffi

W
fi

ffi

	

U

h


P? 	



$
U





 ffi

W

ffi

	

U

h


P? ¬



$






!
ffi

W

ffi

	


h


P?
²




$

ffi

h


P? 
12$
j
*

ffi
-r:P3fic,!ffi-xc,+-c
j
1_.fiffT!" -*
boff$,3+$9.5*s3++$%!.!])3
?
Kc,ffi3
bI$%))+$%!P8
)3ficy3h)g3hrs"%r5r3Ac
j
.*<

ffi
$#"

h 

P? ¸
l65.fiffT!"
9? 
1a+--xcFi4;3Ak*


$
"

h

h


9?;> '



$

"

h


9?;>%> 
   
	 R %  
 
r 
¬
/mffifl "%*5 Z%)3a!c,fiff(-ffi*ai4;3+3+5**!7/m!k{c,ffffi5-*Mboff$,3+$9.5*s3++$%!.!

h.+"% j 3a)+rfiff=<

h,$  


	
o


9?;>z	
cF)dffffi*eF3{< E£.!! .! &(*e,)fP)3+*i -* b|$,)+)$%!98:P3ficF3+)g3hs"%*!T"F3{r)3d-
i4;3+3h5r*0/!ffik{c,ff5-*+boff$,3+$9.5.sT3++$%!ffi*! "%5r*fiff -ffi*i :P"%!xcF5;8c,)fiff98
\
.+ffxwF5r3h!ffi)
k*ifixc,-ffihcF3
?
 	
 
  





fffi
fl
ffiffi ! #" "" $% #" &ffi &'! (" &"
ffiffi
&ffi
	ffi
)*ffi
+	ffi
"*ffi
/
jj
r5-ffi!"
9?;>
<¦|.)3*F$
j
-xcF)I&(*e%)gfP)3h.i -*@bI$%))+$%!98:P3ficy3h)g3hrsm"%.!T",3
?
l6*k*.",3
)3¯-xc,):9r"%!xc,5 8c,)+fiffP8
\
*ffxw,5;3h!r)I-ffi*)&(.e%)+r"%!xc,5r)*%r!T3+*"%.3¯
j
.#%.+)+fiffffi*-ffi*!
/!k*c,ff5.!d#,$%! b N9*5!
?
Eb*3+61a+-.!'c,ffi)
> 'f'
&(*))+!ffi"%*!'.+ir33h*5;3
?
/
jj
5r-!"
9?r>
k.*r",3{ $
j
-xc,)&(.e%)fP)g3h*i -ffi*$b|$,)+)$%!98:P3ficF3+)g3hsM"%.!T",3
?
c
[-.)+.i
c
12*fis1a-*!
> '('
B_r5-. cF![c,i5ffiflµ3 c,ffifl ",*!$%ii*!
?
cF)&q<o+8
mc,i4c,!)"%!c,51affi+-
j
*§#%.+)fiff.-*!"%+$%e,+b N9*5 Hxw,fiff*!r!T3+*"%.3§!ffi-fl ffi
^*- ¨5 wFfiff6-xc,)m:9r"%!xc,5 8c,)+fiffP8
\
*ffxw,5;3h!r)
j
**fiff!W3
?
°±!(-*/
jj
5-ffi!")3m-xc,):9r"%!xc,5 8c,)+fiffP8
\
*ffxw,5;3h!r)"%*",*!0-ffiE£k*.5c,ffi)
-*/!ffik{c,ff56-ffi*dtvc,i4.hc,pffiON9*5®m
j
*-ru!3h."%+r*g31a+-ffi,6c,9fl "%.3+hc,"%.!
?
no)
*+",
j
3|)+rfiff`*r!_VNcFsT3+;l6*+c,-
?
c,):Tf9)g3h.i "%.!T",3ocF5)+$-. b|$,)+)$%!98:P3ficF3+)g3hs
?
cFi4;3 )!-£-4!xcF3hffi+5rfiff*!b)3hcF3hr)3hr)+fiff.! ¨x*ff5r* -*
j
."%+.!k*.!-¨}c,s3h$%
fl  -ffijlv.!xc,r"%s,.r3-*)`&(*e,)fP)3+*i)
?
/!-.+¨}.ff5.*K1a4tvc,i4.hc,+c,)fiff*!=
:P3h*5rfiff3)1
?
s(Z,!!*!d#%.+!xc,fiffffi5 w,))+"F312*-*!
?
   
	 R %  
 
r ²
 "*-,   45 	fl/ 	 4;/V? +5+6 " 4  "6 `/ 4      4;/V?
¨]-d&d*)+)!"[-ffi*klv.!xc,r"%s,.r3]-.)4&(*e%)gfP)3h.i4)1a+-ffi*!
> 'f'
B_5r-*`#,$%!
mc,ffii45rffiflµ3ri nor!k*.5)+fiffTe c,9fl "%*!$,i4i*!
?
rutvc,i*hc1a+-'1ar j *-.!
*fiff3h.!&(*))+!ffi"%*!'ir3 P  PF8CB_r!!r!" j .3h j .!
?
Laserschuß Nr.
0 20 40 60 80 100
0
10000
20000
30000
40000
50000
60000
In
te
n
si
tä
t [C
o
u
n
ts
]
/
jj
r5-ffi!"
9? z
< l6*!c,",s,*;3¯-.)&(*e,)fP)3+*i)
?A> 'f'
Kc,)*)+fiffT)+)c,!]c,i59flµ3
?
°±!3h.!)+;3fiwF3|k*.",3Ic,5r5_$%ffi!T3+)|ri q o+8g&(.e
j
.+.fiff=y-
j
*I*r!*!<B_.+*rfiff #,$%!
gRJ(QL
o
c,ffifl )ii4r*31_$%-*!)+r!-
?
r:9fiff1c,!ffisPffi!"%*! r!-*Kc,)+.+5r*)g3h!ffi"
)+!ffi-[ff*+c,)s,$%+",*g3
?
Kc,)+.+5.)g3h!"(1a+-
j
.-xcF) lv.)hc,i 3h)+r"%!xc,5o#,$%!
q<o"%*i*))+*!
/
jj
5r-!"
9? z
k*.",3_-m°±!T3+*!)r3hwF3A-.)q<o8±mc,i4c,!)"%!c,5)ofl 
> 'f'
#,*+)fiff 8
-*!0Kc,)+.+)+fiffT))+
?
c,)&d*e%)"%!xcF51a+-d
j
**r!*! B_**fiff#%$,!gRJ(Q L
o
!3h."%+r*3
?
c,)a*!3+)+pfiff3
('
bo Nffi.5!dc,ffifl|-.mtvc,i*+c
?
:9fiff1_c,!sT!",*!!b-* Kc,)+.+5.)g3h!"()+r!-£ff.hc,ffi)+s,$,++r"%.3
? c
`&d*)+)!"
-*Kc,)+.+5r*)g3h!ffi"]1affi+--xc,)a"%.)hc,i3+ q<o8±mc,i4c,!)"%!c,5r!3h*",+.3
?
r4ir33h5r*+§°±!3+*!)r3fiwy3
j
.3+hw,",3 P(gRK(Q J(gfTfJ
	 h

1_c,).!.i©:P"%!xcF5;8
mc,ffi)+fiff98
\
*+ffw,5r3+!)7#%$,!
z('
$9-ffi*!xc,fiff lv5r*fiffT!ffi"
9?;>z

'f'
boff$,3+$9.5*s3++$%!.!
*!3h)p+rfiffT3
?
cF)(.+"%
j
37fl 7-r",.1_w,ff5r3+nr!)3+*5r5!"&

¸
cFffifl-ffi*0:9syc,5 c[-.)
B_5r-ffi#%.+)3hw,+sF*)
6>z('
_$%!3h)(boff$,3+$%*5r*s3h$%!
?
rv&(.)+)+ffi!"4-ffi*aKc,)+.+5r*)g3h!ffi"§
j
.A-xc,)q o8c,i4c,!)+r"%!xc,5})*5
j
)3a)g3A!3h.
-*!&d*e
j
*-r!"%!ffi"%*![r!b.!.¨|5 c,ii4!fiff3`-ffi+fiffffifl ffiff
j
cF
?
*)ffxc,5
j
1a-
-Kc,)+.+5r*)g3h!ffi"ri
~
$%+i4c,5rflDcF55yi4;3@amr5rfl ¯.!. l65 cF)flDc,)*"%.i4.)+)+.!
?
:T3h+.5rfiff3
   
	 R %  
 
r 

-*)aKc,)*+)acF!mc,ffii45rffiflµ321affi+-6r!-lv5c,)flDc,)*2*!ffi"%*sF$%pp *5r3_!-ir3_c,ffiflI-
tcFi4.hc§"%*5r*;3h.3
?
c,ir3)3a-ffivKc,)+.+5r*)g3h!ffi"]fl ffi¯^.-*)no!ffik**5 j 5r- j .syc,!!3
?
no!ffi§/5r3+*!xcF3h;#%`fl 6-ffi§*r)3+!"%)i4.)+)+ffi!" j *)g3h*ff3-xc,!=.!.!¦|.5¯-.)
IcF)+*)3+hc,ff5r)7 j *7*r!*!ª3+*r5-fiff5 wF)+)+r"%*! :9p."%*5c,)k*sF$%pp *5!
?
r&(*)8
)+!"#,$%!'-OFUffi)+*i :P3++*ffi5fiff3m+*c,"%.3o^*-$Pfiffu!rfiffT3)+$.i4p9qx!-5rfiff'cFffifl°±!3h*!P8
)+r3hwF3h)fiff1c,!ffisPffi!"%*!0!!.+ffxcF5 j -*)Kc,)*+pffi+$,qx5r)
?
¦I+$,3+k*-.i r)3 -#%.12*!-W3h(&(.e%i4W3hff$P-4!"%.!xc,.§c,5)-r*r)3+!"%)8
i4.)+)+ffi!"§i4;3+3+*5)2c,icF!)3++*ffi!"
?
B2*U-ffi*a&(.)+)!"]-*_Kc,)+.+5.)g3h!"i4;3+3h.5)
mc{fP5."%ff)g3h*!ffi"dsF$%ii3i4c,!ui #%$,+ff.+"%.ff*!-ffi*![¨}c,5r5Ic,ffifl2*!ffi`i4;3+3+5* °±!P8
3h*!ffi)+r3hwF3_#,$%!>PGP  Q DJ(S(Q(P
	 h

Pc,5r)+$`cFffiflK*r!7:9r"%!xc,5 ,mcF)+fiff98
\
*ffxw,5r3+!)o#,$%!
>Y¬

¬ffi?
Ramanintensität [Counts]
R
a
yl
e
ig
hi
n
te
n
si
tä
t [C
o
u
n
ts
]
1800000 2100000 2400000
800000
900000
1000000
1100000
1200000
/
jj
r5-ffi!"
9? 
< t$%+*5 cy3h$,! kW1a)fiff*! -.ªKc,)+.+5r*)g3h!ffi"%)+i*))+!"i4;3+3h.5)
mc,i4c,!98 !ffi-Mmc{fP5."%ff)g3h*5rfiff3
?
r0c,i4c,!!3+*!)r3fiwy34r)34-xc,)",*)hcFi3hd!98
3h*",+.3+c,i4c,!)+r"%!xc,5ffi-*) q<o+8tvc,!c,5)
?
c,)2cYfP5r*",ff)+r"%!xc,5xr)3_:P3h*)g3h+c,ff5ffi!"
-*)mKc,)+.+)*x-ffiv
j
*A*r!<lv5c,)flDcF)+*_i4;3ac,ffifl-vtvc,i*+c`"%
j
+c,fiff3m1affi+-
?
/
jj
5r-!"
9? 
k**r",3-]t$%+*5cF3hr$%!k.1a)fiff*!£-*!
j
.-.![&(.e%i.3hffffi$9-.!
fl a-vKc,)*+5r*r)3hffi!"
?
:9r
j
W3hhwF",3
'

²
ffi?
   
	 R %  
 
r 
¸
 "* 
 
 A 	 45+4   <7 4A /27@13fl4
mi *r!"%*!c, _ffxc,+c,s3h*)*!" -*)0&(.e%)fP)3+*i)0k. *ffxc,5;3h*!U j *! Z,3+",3
ic,!!rfiffT3!T-noipffiqx!-5rfiffsF*;3{K)+$%!ffi-*!£*)i`e(c,fiff*i4;3+3+*5r31_.+-.!=
$ j )+fiff-xcF):PfP)3h.i 5r!{c,#%.+ffxw,5;3A!-d$ j .) j *#%$%"%*"% j .!*!lvc,)+"%.i4r)+fiff.!
-7fiff3hr"%*!no+", j !r)+)75Wfl *g3
?
c,)§*ikZ,"%5rfiffT3k*",5*rfiff *r!« j *p+ffifl ffi!"
-*as,$,i4p5r N9*!d/ffi)12*3+*$%ffi3hr!*!
?
°±! -.)+.i / j )fiff!r33412*-*!-*)ffxc,5 j #%$,+"%."% j *!0tm$%!ffik**!3+hcF3+$%!.!#,$%!
npo{@q<o{s ov!ffi- sdo n i4;3-.!b&(*e,12*g3h.!b-.)
z
8±mc,i4c,!98:PfP)3+*i)!xc,fiff-.
/)g1_.3hffi!"#%.+"%5rfiff.!
?
McKenna−Brenner
Meßbereich: 4x4mm
Lasersheet
/
jj
r5-ffi!"
9?

<`/mffifl
j
c,£k*`&(*))+!"'#,*)+fiffr*-.!*"lvc,)+",*i)+fiffffi
?\
$%+"%."%W8
j
.! lvc,)+sF$%!k*.!3hhcy3h$,!*!'12*-*!-fiff-*!&(*t6*!!xcflB2+*!ffi!*r!'-xc,)&(*ey8
#%$%5ri4.!.!"%
j
5 cF)+*!
?
c,)&(.e,#%$%5ri*!
j
.q!-.3)+fiff JfKGLflL $
j
*ffxc,5
j
-.
B_+.!!*icy3h+ N
?
/
jj
5r-!"
9?

k*.",3-.!(VNffip *i*!3h.55r*!/ffifl
j
c,
?
c,)mIcF)+*)+ff..3-+fiffP8
)3h+c,ff5;3.! &d*e,#,$%5i*!#%$%! PfLflL   PfLflL
?
c,)§&d*e,#,$%5i*!
j
Wqx!-W3`)+rfiff
JfKGLflL $
j
.+ffxcF5
j
-._&(cF3hON 
®fiffi*)+)*.<fQ(LflL

*r!*)&d{t6*!!cy8CB_*!!ffi*+)
?
+fiffd-rB_+.!!*icy3h+ N12*-*!#%$,+"%."%
j
*!<lvc,)+",*i)+fiffffi6!-xcF)&(*e,#,$%5P8
i4.!(.!"%
j
5 cF)+*!
?
c
j
*=1a-^.12*5r)A-*a/m!T3+*r5*!ffi*:9p *k.*)a#Fc,+r.3
?
¨ffi-ffim&(*))+!ffi"%*!#,$%!flnpo{ q o_!-jsdo1a-*!tcF5r3h"%c,)+"%.i4r)+fiff
j
*!Tffi3+k.3
?
i .#,*!3h.55 )3-Z%+.!-°±!3+*fl .+.!k*.!7k*4#,*i4.-.!
?
rt$%!k*.!3hhcy3h$,!4-.2k.
   
	 R %  
 
r
G'
i4.)+)+.!-.![:9p *k..)1a+-§-c j .¯ir3am5;fl  #,$%!¨5e,+*",5*!0-.v¨ic¦fP5c,!
*!ffi"%*)g3h*5r5r3
?
cvfl -m&(.)+)!"%.!#%$%!js oVnRsF*!ffitvc,5;3h"c,)"%*i)fiff#%.12*!-ffi.3A12*+-ffi*!
s,$%!!3+*!=%1a-ff.I-ffi*/m!3h*r5%#%$%!<E[c,))+.|ri / j "%c,)|.!.¨|5 c,ii4"%*i*))+*!
?
&(r3-.! ¨5e,+*",5*!1a--*+sdo+8±/m!3h*r5-.)k*"%Wfl ffg3h*! lvc,)+.)#,cF+r*g3
?
c,hcF)asFcF!!(-ffi*A3hff.$%+W3hr)+fiff<sdo nv8&($%5.! j +fiff.++.fiff!W312*+-ffi*!
?
rffr*#,$%+"%.)3+*55;3h.!&d*)+)!"%.!1a-*!ri©no!ffik**5r)+fiffTe-fiff"%.fl ffiff3
?
[°±!3+*!)r3fiwy3'*r!*)u&(*e,12*g3h.)r)30-+fiffR-ffi£°±!3+*"%+cF3hr$%!  j *(*! /rHYZy8
)+!",)+*5r*i*!3#,$%!0gRJ(QiL
o
?
.!3h)3hc,!-.!
?
ffi+fiffMc,5r5(&(*eF1_.3h(1a+-0*!ffi
."%+.)+)+r$%!)"%*+c,-"%*5r*",3
?
theoretisch
ge
m
e
ss
e
n
0 0,1 0,2
0
0,1
0,2
H2O−Molenbruch im Abgas eines
McKenna−Brenners
/
jj
r5-ffi!"
P? 
< sdoVnv8g&d$%5.!
j
+fiff i /
j
"c,)*r!* sdo+8ffiflµ38±¨5 cFi4i£.!.)
&({t6*!ffi!xcy8CB2+*!ffi!*)
?
*
c
)g3h$%i #%$%! sdo1a+-ffi's,$%!3++$%5r5.3#Fc,+r*g3ffi!-
-xc,hcF)a-*A3hffffi*$%.3hr)+fiffE£c,)+)*hcF!T3+*r5*+*fiff!ffi.3
?
/
jj
5r-!"
9? 
k.*r",3-.!M"%*i*))+*!ffi*! s oVn68g&($,5*!
j
fiff i /
j
"c,)7.!.)
&({t6*!ffi!xcy8CB2+*!ffi!*)dri
\
.+"%5r*rfiffªi4;3-ffi*7¦Aff.$%+r
?
.+B_+.!!*1affi+-ur!
-.)+*i ¨}c,55rir32*r!*i sdo8ffiflµ3g8 l6*i)fiff
j
.3h
j
.!=912$
j
*U-ffi*;sdo+8±/m!3h*r5 #Fcy8
+r*g3m1a-
?
&(.)+)!"%.!
j
*|*r!*i fl .33h*! lvc,)"%*i)fiff01cF+*!!rfiff3i"Z%"%5rfiff=
1_.5x-rB_+.!!*icy3h+ N
j
*x-.!4#,*12*!ffi-.3+*!+lvc,) H)+)*!3++$,3+k`E[c,))+.+sTff5r!"
c,!ffiqx!"ffixk*d"%5ffffi*!
?
.¯"%.i4.)+)+.!;sdo n68±/!3+*5T)g3h*r",3¯5r!*c,Ii4;3|-ffi*i 3hff.$%+W3h)fiff*!&Eb*g3{c
j
.
-:T3h*r"%!"£5.",3!3h.7-*i k* .1_c,3+*!-.! Eb*g3
?
r*)*7n F*s3s(Z%!ffi!T3+
-+fiff]-r
\
*
j
+.r3+*+ffi!"6-*¯mc,i4c,!5r!r-*) E£c,))+*)
j
.ffiff Z%ffffi*+.!]¦|.i4p *+cF3h98
+*!dk*ffi)3ficF!-vs,$%ii*!
?
/me%*-*i k.*r",3A-rv."%+.)+)+r$%!)"%*+c,-v*r!*!5.fiff3h.!
   
	 R %  
 
r
P>
p$%)r3+r#%.!ulF)+.3c,i
~
ffi55pffi!s3
?
lFU).3+)s(Z,!!*!u.!3h)3+*ff.!=U12*!!:T3h+.)3+hc,ffP8
5!"c,5r)@amr!T3+*"%+!ffi- r!.!.!tvc,!c,5%*r!-!",3
?I~
*"%cF3h;#%2lFU).3h)I)+r!-v j *!ffiflDcF55)
ikZ%",5fiffU,flDc,55r):P3++*ffi)3h+c,ff5r!" c,ffifl=-ffiatvc,i*hcflDw,5r5r3!--ffi*
amr!T3+*"%+!ffi-xc j k."
-xc,-fiff0k.()g3fic,s7c,)gflDw,55;3
?
        
  
  
  

		






ff
fifi flfl ffi 
!"	#$%'&()*#+	*#(	-,
fifi flfl ffi/. flfl ffi10
	,) 
/
jj
r5-ffi!"
P? ¬
< sdo8g&d$%5.!
j
+fiff(!d*!ffi*i sdo8Cq o8 lvc,)"%*i)fiff
?
m* s o+8/!3h.5
1a+-ir3A.!.i¶¨5re%+."%5.s,$,!T3++$%5r5r*3_#,cF+r*g3
?
/
jj
5r-!"
9? ¬
k.*r",30-ffi*! ",*i*)+)*!.! sdo8g&($,5*!
j
fiff r!.!.i s o+8mq<o8
tcF5r3h"%c,)+"%.i4r)+fiff
?~

j
*!-*i ff.#,$%++c,"%*!ffi-*i 5r!*c,+.!¨|r3§flDw,5r5r3`.! sT5*r!*
p$%)r3+r#%.lFU).3mc,i
~
55rp!s3a)+$Y1ar.!6W3±1cF)m
j
*ff Z%ff3h:P3+*",!"c,ffifl
?
/
jj
5r-!"
9?
²
k*.",30-*! "%.i4.)+)+.!*! npo8&($%5r*!
j
+ffififfR! .!.i npo8mq<o8
lc,)"%*i)fiff
?
*d/!3h.56#%$,! npod1a+-#Fc,+r.3
?
B_r)c,ffifl*!ffi*! p $%)r3h;#%.!
lpF)+W3]c,i
~
ffi55pffi!s3k.*r",3-ffia*",+*))+r$%!)+",*hcF--xc,)3hff.$%+W3hr)+fiff k*£*1_c,8
3h*!ffi-
\
.+ffxcF5r3h.!
?
°±!'-ffi*!u+*c,5.!u¨5c,i4i*!ffii4.)+)+ffi!"%*!d1a-')+rfiff^*-$Pfiffuk*."%.!=U-c,e-.v:ffic,98
*+)g3h$(Fsyc,!xc,5}cF!ffiflDw,55r""%*",*!T
j
*2:P3h*5rfiff3h)g3[Z%!"%.!4r)3*%-3++$,3+kB_ffi3±fP5 cF*.3hcF38
qx5r3+*A!-.!0tvc,!c,5=*r!-!"%.!
?
/
jj
5r-!"
9? 
k*.",30-*!R",*i*)+)*!.! q<o8&($%5.!
j
+fiffRr! .!.i npo8mq<o8
lc,)"%*i)fiff
?
/mfiff0ffr*k*."%.!(-r`&d*e%pffi!s3h 1ar*-.m.!d)+.ff"%93h*)5r!{cF+*)
\
*+ffc,5r3+*!
?
no)m"%
j
3ap+c,s3h)fiff(sF*r!*!'lpF)+W3cFi
~
5r5pffi!s3{xc
j
*a-r :P3h."%!ffi"
-*a*"%*)+)$%!ffi)+"%.hc,-.!05r*"F3A.3±1_c,)!3h*a-.i¶*g1cF3hW3h.i E£.3
?
rono+"%
j
!r)+)+r!6-.)+*i/
j
)fiff!;3+3Ik*."%.!=-xc,eA-xc,)
z
8c,i4c,!98g&d*e%)gf9)g3h.i
!3h* -*c,5.! B_*-r!"%!ffi"%*!"%ffi3fl v)+.!]/9fl "c
j
*!£",**r"%!W3 r)3
?
no)v#%*ffxw,5;3
)+fiffff*g#%$%hc,",*!-ª5r!*c,`!ffi-5r.fl .3§3h$,3hkd-.)«
j
.+)+pffi+*fiffffi*!)kW1a)fiff*! -.!
tcF!xw,5.!-6fiff3hr"%*!dno+"%
j
!r)+)+
?
  
	 R %  r
,z
theoretisch
ge
m
e
ss
e
n
0 0,2 0,4 0,6
0
0,2
0,4
0,6
O2−Molenbruch in einem
O2−N2−Gemisch
/
jj
r5-ffi!"
9?
²
<
lv.i4.)+)+.!* npo8&($%5.!
j
+fiffd!.!.i npo8Cq o8 lvc,)"%*i)fiff
j
*
\
c,+cF3hr$%!#%$,! npo
theoretisch
ge
m
e
ss
e
n
0 0,2 0,4
0
0,2
0,4
N2−Molenbruch in einem
O2−N2−Gemisch
/
jj
r5-ffi!"
9? 
<
lv.i4.)+)*!.q o8g&($,5*!
j
fiffd!7*r!*i npo8Cq o8 lvc,)+",*i)+fiff
j
*
\
c,+cF3hr$%!#%$,! q<o
?
  
	 R %  r
F
 "* )    V?  <7  /   4
",+$%e%_°±!!$Y#FcF3hr$%!`-.)
z
8c,i4c,!98&(*e%)gfP)3h.i4) j .)3h.ff32-c,+r!=,-xcFe6*+)g3hi4c,5)
#9r*_:9p *k*r*))+ri`5r3hc,!]i nor!k*.5)+fiffTe !-
z
8±$,3h)+c,ffifl "%.5 Z%)g3-.3+*s3hr*312*+-ffi*!
s(Z%!!ffi*!
?
°±!-.)+*i tvc,pffir3h.51a--xcF+"%.)3h.55;3{1a-xc,)&(*e,)fP)3+*i)k*
z
a8
&(*))+!"4#%$%!(tvc,5r3+"c,)1ar j *5r!#%.12*!-W312*-*!(sFcF!!
?
Lasersheet
ausströmendes Gas
Meßbereich: 4x4mm
Wirbelgenerator
Lautsprecher
Gaszufuhr
 15mm
∅10mm
/
jj
r5-ffi!"
P? ¸
<(n N9p.+i*!3+*55r*§/mffifl
j
c, k*&(.)+)+ffi!"£#%$,! tvc,5r3+"c,)1ar
j
*5r!
?
nr! EMr
j
*5r"%*!.hcF3+$%7*k*.",3 lc,)g1a
j
.5 -u#%$,! *r!*i IcF)+*)+ff..30-+fiffP8
)3h+c,ff5;3|12*-*!
?
c,)
z
a8c,icF!i4.e%)fP)g3h*iRieF3|)i`ffi5r3ficF!-ffi
j
W3h*r5r",3h.!&lvc,)g8
s,$%ip$,!*!3h.!
?
c,)Kc,)+.+)+ffffi*.3m)g3a!-r*)+.a/!)fiff3)3ficF+s#,*+",-Z%e%.3
?
/
jj
5r-!"
9? ¸
k*.",3-.!4VNffip *i*!3h.55r*!/ffifl
j
cF4k.4-.2ffffi*¯#,$%+",*)3+*5r5r3h.!
&(*e%*rff
?
&(;3.!.i EM
j
*5r"%*!ffi*hcy3h$%61a-£.! lvc,)g1a
j
*5ri &(*eF#%$%5ri4.!
*+k.*"F3
?
EMr7c,fiff !£#Pr*5.! 3h*fiffffi!)fiff*!
\
*
j
+.!!T!"%.!=
j
*)g3h*ff3-.&EMg8
j
.5c,)k.12*At$%i4p $%!.!3h*!U¯1_$
j
*2-4*r!t$%i4p $%!.!3hr![-4i"%
j
*!-ffi
mc,ffii45rffiflµ3`.!"%
j
5 cF)+*![1ar+-
?
c,)
z
a8c,icF!98g&(.e%)fP)g3h*i i4re,3`)i`ffi5r3ficF![-
j
W3h*r5r",3h.!tm$%ip$,!*!3h.!(ri¶no!ffik**5r)+fiffTe
?
.dEM
j
*5r"%*!ffi*hcy3h$%
j
.)3h.ff3c,ffi).!.i Kc,ffi3+)+p*fiff.4ir3*r!*i cFffifl "%W8
)+.3+k.3+*! a$%ff)3+fis
?
*Kc,93h)+pffi+*fiffffi*
j
.)+r3+k.3.!utvc,5r$,3+3+'c,ffi)(t6!ffi)3h)g3h$(F
!-7)g3_)$%ir3"c,)8o!-41c,))+.+-rfiffT3
?
°±!-xc,)a$%ff)3+fis1ar+-.!>lc,)2*r!"%
j
5 cy8
)+*!
?
Eb*!!0-*IcFffi3h)p+.fiff*.!.!'°±ip5)
j
*s,$,i4i3*x1a+-(-xc,)plc,)i a$%ff
  
	 R %  r


p5 Z,3+k*5rfiff c,ffi)+"% j 5 c,)*!!-$ j *ffxc,5 j -*)]a$%ff*)§*!3+)3h.ff34r! -*:Pfiff!r33h j  8
!(-ffi*)&(*e,#,$%5ffii4.!)]*!)p+c,5rfl Z%i4r"%* EM j .5
?
°±!*!ffi* a Z,ffd#,$%!&_KGLflL
$ j .+ffxcF5 j -*)ma$%ff+.)1a-(-.;EM j *5Ui4;3-.i &(*e%))fP)3+*i j *$ j cFfiffT3+.3
?
. EM j *5r"%*!ffi*hcy3h$%1ar+-!$%ic,5r*g1_.)+`fl ffi6-
\
.+rqk*.+!ffi"d#,$%!Dl6°
\
8
&(*))+!",*!u!d!)**/m j *;3h)+",+pp  j .!P93hk.3 \ lv
¸%¸G^
!ffi-0-r&l6-Z%e,6-**8
k**ffi",3h.!EM j .5+r!"%5r.",3ai UVL8CB2*+.fiff
?
c-ffi&(*e(Hxw,fiff-ffi*)
z
8c,i4c,!98
)fP)3+*i)|!T P  PfLflL j W3hhwF",3{s(Z,!!*!!TEM j .5 c,ffi)+)+fiffffi!r33ho)+rfiff3 j c,",*i4c,fiff3
1_.+-.!
?
r6fl $%5"%.!-.!'&(.)+)!"%.!uk**r"%*!d N9.i4p5c,+r)+fiffdi4.ff+.+<B_5r-*. j *K-*!ffi*!
:ffic,.+)3+$(F!- E[c,))+.+)3+$(Fi4;3K-*i EMr j *5r"%*!.hcF3+$%!c,i5ffiflµ3=*!ffi"% j 5c,)+.!
1a+-.!
      
  
  
  
  
 	

      
  









      
  












 
 

 



 



 fiffffifl !fl"


#ff$fl$!fl"
/
jj
r5-ffi!"
9?r> '
<tvc,5r3+"c,)1ar
j
*5
?
:fficF*)3h$GFM)3h Z%i3]r!c,i59flµ3
?
cF)kB25-
1a+-ri nor!k*.5)+fiffTe c,9fl "%*!$,i4i*!
?
r bo+$,q5'k.*",*! -r&($%5r*!
j
+ffififf
#%$%!npo]!- q<o
?
B_*r-+bo+$,qx5r7*!3h)g3fic,!ffi-*!c,)§-.4&(r33h*5;1_.3
j
5r-!"'
j
.
*!ffi*! gRJ(QL
j
*r3+*!ff$%k.$%!3fic,5r*!(:P3h*;fl *!
?
°±! -.7*)3h.!&(*e%*rff'1a+-ffi:ffic,.+)3+$(FR-ffi+fiffM-xc,)a$%ffr! c,i5ffiflµ3
"%
j
5c,)+.!
?
*`EMr
j
*5
j
WflDc,!-)+rfiff KGLflL $
j
.+ffxc,5
j
-*)aa$%ff*)A!ffi-(-.aKc,)+.
  
	 R %  r
,
      
  
  
  
  
 	

      
  









      
  









  
 
 ff
fi
fl ffi

 
!
""

#$$





""

/
jj
r5-ffi!"
9?r>,>
<tvc,5r3+"c,)1ar
j
*5
?
:fficF*)3h$GFM)3h Z%i3]r!c,i59flµ3
?
cF)kB25-
)3]ri no!ffik**5r)+fiffTebc,ffifl "%.!$%ii4.!
?
r+b$,qx5r7k**r"%*! -rd&($%5.!
j
+fiffffid#,$%!
npo6!- q<o
?
B_.-&b$,qx5r`*!3h)g3fic,!ffi-*!bc,)-ffi*v&(;3+3+*5r12*g3
j
r5-ffi!"
j
*.!.!
gRJ(QL
j
*r3+*!dff$%k*$,!T3hc,5.!d:P3h*;fl *!
?
fl *.3h _TGL

!xc,fiff§-.iKc,ffi3+)+p*fiff.+pffi5)
?
/55r B25-ffi*K1a+-.!]i no!k.*5r)+fiffTe
c,ffifl "%.!$%ii4.!
?
r/
jj
r5-ffi!"%*!
9?;> '
j
)
9?;>Y
k*."%.!.!.! EMr
j
*5c,)+)fiff!;3+3]#%$%!ª:ffic,98
*+)g3h$(F!£mcFi45rffiflµ3
?
/55r"B_5r-*v*!ffi)3ficF!-*!cF!£-.)+.5
j
*! bI$%)+;3hr$%!bir3-.!
)+*5
j
.!VN9p.+i*!3+*55r*!0b|c,hc,i.3+*!
?
r$B_5r-*k.*r"%*!M-r'+.5 cF3+r#%.! tm$%!98
k**!3+hcF3+$%!.!£#%$,! npo!ffi- q<o`r!b.!.i B_**fiff#%$%! P   PfLflL
?
:9)+r!-£ir3
*!ffi*¨}c,5)fiffffiflDc,
j
*!ffi)+syc,5 c`-c,+"%.)3+*55;3
?
c

\
.+-.ffi3h5rfiffT!"-*a°±!3h.!)+;3fiwF3+)12*g3h
1a+--fiff'c,5r5B_5r-*A.!ff$%k*$,!T3hc,5.);bo+$,q5=#%$%! gRJ(QiL "%.k*$%",*!
?
:9.ff"%93)g3k.u)+*ffffi*!==1ar-.v:ffic,.+)g3h$(Fb#%$%!u5r!sT)$
j
.!u!xc,fiffu*fiff3h)6!P8
3h*!b-fiffb-.! &(.e
j
*+.fiff)3+-Z%i3
?
c,ffifl_c,5r5*!$B25-ffi*+!k.
j
*$
j
c,fiff3h*!ffi-*!
¨5.fis,*!d1_.+-.!'k*ffii ¦|.5-fiff0-r bffffi$,3h$P*5r*s3h$%!*!ffi)3ficy3h)g3hrs4#%.+)hc,fiff3*=c,!98
-**+)*;3h)12*-*!u-r fl $%5r"%*!ffi-*!0tcFpr3+*5K!$Pfiff'k*."%.!=U-xcFe-r`:fficF*)3h$GFUi*)8
)+!",*!ª.i4pffiq!-5rfifffl :P3++*ffi5fiff34c,5r5*§/m34)+r!-=_1_c,))fiff! *!ffi*i ff$%ff.!
  
	 R %  r
F¬
      
  
  
  
  
 	

      
  









      
  









  
 
 ff
fi
fl ffi

 
!
""

#$$



""



/
jj
r5-ffi!"
9?r>Yz
<tvc,5r3+"c,)1ar
j
*5
?
:fficF*)3h$GFM)3h Z%i3]r!c,i59flµ3
?
cF)kB25-
1a+-ri nor!k*.5)+fiffTe c,9fl "%*!$,i4i*!
?
r bo+$,q5'k.*",*! -r&($%5r*!
j
+ffififf
#%$%!npo]!- q<o
?
B_*r-+bo+$,qx5r7*!3h)g3fic,!ffi-*!c,)§-.4&(r33h*5;1_.3
j
5r-!"'
j
.
*!ffi*! gRJ(QL
j
*r3+*!ff$%k.$%!3fic,5r*!(:P3h*;fl *!
?
mc,ffi)+fiff.!0!-r*)*i tvc,!xcF5!.-*)+fiff5w,",3
?
r#%$%i EM
j
*5r"%*!ffi*hcy3h$% *+k.*"F3h*! EM
j
.5_)+r!- fl §-r7! !)**/g8
j
.r3h)"%+ffipp-ffi+fiff"%Wfl ffg3h*! lv°
\
8g&(.)+)!"%.! c,5r)7·Pc,)+r)3ficy3h$,!xw,7c,!ffik*)*ff.!=
-xc,)ffffi*eF3{)0)!-+.p+$P-k.*
j
c,.1_.5k*i
c
*;3hpffi!s3.!.)Kc,)+.+)fiffPffie%*)
)3hW3h)'-ffi"%5.fiff.! B_.-!ffi"%!"%.! c,i &d*e%$%g30ffffi*+)+fiff.!
?
/mffifl§-.(sT5r*!ffi*+.!
l6g3h))+syc,5 c-*)
z
8c,i4c,!)gf9)g3h.i4))g3-xcF)c
j
*4$(FU.!)+rfiff3h5rfiff!rfiff3-.¨}c,55
?
*':ffic,.+)3+$(F^.3()+fiff1cF!s3c,ffifl-*!-xc,+",*)3+*5r5r3h.! B25-ffi*+!Mr!)*!ffi* B_+.r3h
k.1a)fiff*!$Q&% 4!ffi- '%VK LflL	!-')*r!ff$,+k.$%!3fic,5rb|$%)r3+$%!d)+fiff1_c,!s3v
j
*!ffiflDcF55)
i¶i*ff*+ &(r55ri.3h.
?
r)fiffT1_c,k**! B_.+*rfiff6)+r!--rl6
j
r.3+,ffir!-.!*!7-r6«
j
*)+p*fiffsF$%+*s%8
3h!fiff32s,$%+.sT32fl !s3hr$%!r*3*1_.5}!*r!*i -._tvc,!w,5Ak."%*!",°±!3+*!)r3fiwy3
ff*+)+fiff3
?
rfll6-Z%e%4-.)+.) B_**fiffffi*)`1a- i12*)+.!3h5rfiff*! -fiff-4/)8
5*ffififfT3+!"-.) s og8tvc,!xc,5r)
j
*)g3hii3*-.§c,)§$%p93h)fiff*! l6+ffi!-*!!rfiff3`#%$%5r5;8
  
	 R %  r

²
      
  
  
  
  
 	

      
  









      
  









  
 
 ff
fi
fl ffi

 
!
""

#$$





""

%
jj'&)(+*',-'.
9?r>{
<tvc
()/0.
c2143
&)5+j768(
?
:ffic
,'685
1
/:9
F;1
/:5
Z%i
/<&)-
c
,
i
(+,>=?/
?A@
cB1kB
&+(+*
3
,'50*'6C&
i n
&)-
k
6(
10DFE
,
e c
,>=G.H68-'9
i4i
68-
?I@
&)6
b
509
q
(+6
k
68&+.268-J*'&)6CKL9H()68-Tj'50M
DFE
6
N
9H-
npo
,'-'*
q<o
?
B
68&)*'6
b
509
q
()6O68-P/
1
/
c
-*'68-
c
,
1
*'65QKL&)/4/:68(
3
654/+j'&+()*','-'.RMffij65
68&+-68-
gRJ(QL
j'5468&)/068-
E
9H54&
k
9H-P/
c
()68-
:
/:5468&S=G68-
?
1
/
w
-'*'&+.
c
j.H6*j'&)(+*'6#/
3
&+54*
?  
6<-
c2DFE
.H6
i
6
141
6-'68-
t
9H-
k
68-P/:5
c
/:&)9H-'6-T,'-*
:9p
6
k
&+6
1
ic2DFE
/
1
&
DFE
*
cB1
,'-P/:65
10DFE
&+68*(+&
DFEJ1
/
c
5
s
&)-U*'6-
c
-'*'685468-VKL6
e%syc
-
w
()68-ªj76
i
685
sHW
j
c
5
?
%
,
1Ac
,
143
6854/06/06
DFE
-'&
10DFE
6-
l
50M-'*'68-
3
,50*'6X&
i4i
685Y*'&)6Z.2(+68&
DFE
6[K
c21+s
6
k
,
i
%
,
1
j'(+6-'*'68-L*'6
1
,'-
1
&
DFE
6506-
B
65068&
DFE
6
1
j768-\,/
k
/
?
@
&)6
b
509
q
(+6
k
68&).H68-

*
c,e:ffic
,'685
1
/:9
F
,'-'*
:
/0&
Dfis\1
/09
F
&)-
s
6&+-'6
i¶¨}c
()(+6
N
9H()(
1
/
w
-
W
*'&+.68-P/
i
&
14DFE
/
1
&+-'*
?
n]1
j'()68&rj/^&
i npo_W
 
6/`6&+-

6
1
/
c
-\/068&)(
N
9H-
D*c
?AzG'
q<o
?a@
&)6
B
506&)/:6b*'65
¨
(
c
-
s
68-j768&
i¶«
j76854.
c
-'.
N
9H-
npoak
,
q<o
j76/:5
w
.2/
Q% TfK
j'&
1  LflL
?
°
-c*685d=G92(+.H6-'*'68-cKL6
e21
6854&+6
3
,'50*'6e5068&)-'685
E£c2101
685
1
/:9
F0i
&S/f*'6
i E
&+5j6(+.H6-'6
W
5
c
/09H5g&+-h*
c21
KL6
e
N
92(+,
i
68-h68&)-'.H6.j'(
c21
68-
?
@
&)6
%
jj'&+()*','-'.268-
P?r>

,'-'*
9?;>
k
68&).H68-i6
N
6
ip
(
c
50&
14DFEk3
68&
%
,=G-
c2Ei
68-
c
,
1
*'&+6
1
685fKj6
eH1
6850&)6
?
B
&
1oc
,=7*'68-
E£c2101
685
1
/:9
Fc
(
1ffiE
&+5j6(+.
c21
,'-'*k*'6-
lc21
*'50,
Dfis
N
925
*'6
i E
&+5j6(+.H6-'685
c
/:9H5
1
/:&
i4i
68-
c
(+()6
bc
5
c,i
6#/:65
i
&)/l*'65
N
925
E
650&+.268-mKL6
eH1
650&)6
Mj6506&+-
?n@
&+6
1
6
1ic
(
1
&+-'*o=GM5n68&)-'6pKL6
141
,'-'.b*'&)6
B
&+(+*685
N
9H-
:9c
,'685
1
/09
F:
/:&
Dfisq1
/:9
F
  
	 R %  r
 
      
  







      
  







 	

 

 



      
  
  
  
  
 

 
 


ff
  fiffifl "!#%$

 fiffifl "!&$
      
  




ff


  fi'fl""!#$
%
jj'&)(+*',-'.
)(+*
&,
tc
()/:.
c2143
&)5+j768(
(
E[cB101
65
1
/:9
F 1
/05
Z%i
/ &)-
mc
,
i
(),=?/
(k@
c21 B
&+(+*
3
,'50*'6l&
i n
&+-
k
68(
10DFE
,
e4c
,=G.H6-'9
ii
6-
(Y@
&+6
b
549
q
(+6[6-P/
1
/
c
-'*'6-
c
,
1
*'685ZKL&S/0/:6(
W
3
654/hj&+(+*,'-'.<Mj7685^68&)-'68-
gRJ(QiL
j'5468&S/:68-
E
9250&
k
9H-P/
c
()68-.-q/05068&S=G68-
(
,'-'*
E[c2141
65
1
/09
Fi
&S/g*'6-L*
cFk
,'.H6
E Z
54&+.H6-
b
549
q
(+6-
c
-'.H68.26*j768-
(
@
&)6
B
&)(+*'65Q&)(+(),
1
/050&+6506- 6&+-'*'54,
Dfis\1
N
9H(+(
^3
&)6 *
cB1
z2@
W±mcFic
-
i
6
eH1fq1
/06
i
*'&+6
*'506&/-
p
6
k
&)6
1
N
92-'68&)-
c
-'*'65g/:506-'-'6-
syc
-'-
(Y@
&+6
B
&)(+*'65_j76
1
/
w
/0&+.H6-j*&+6
14DFE
9H-
N
9H5
W
E
685l.H6
i4c2DFE
/:6-
B
689%j
cBDFE
/0,'-'.H6-[j768&
i
-
c
,'65
1
/09
F|
-\,'5l*
c,e
*'&)6-
DFEP3c
-
s
,-'.H68-
,'-'* *&+6
@
,'5
DFEi
&
10DFE
,'-.U-'9
DFE
.H5
Z%e
65
1
&+-*
(
->9
k
68&).2/
%
jj'&)(+*',-'.
)(0*

*
cFe
*'685
«
j650.
c
-'.
N
9H-
E[cB101
65
1
/:9
F£k
,
c
,
i
(+,=?/
H
&)6
e
6-'*RMj7685Z68&)-'68-
B
68506&
DFE
N
9H-
J&%VKGLflL 1
/
c
/4/
q
-'*6/
( @
c
=GM'5 *'M'5_=?/:6i*685
@
50,
Dfis
,'-P/:65
14DFE
&+6*
N
9H5 *'6
i E
&)5+j768().H6
W
-'685
c
/:9H5
N
685
c
-P/
3
9254/:()&
DFEC1
6&+-
(l@
c
*685
\
9H54*'50,
Dfis
-\,'5
i
&)/e68&+-6
i
-'9H5
i4c
()68-
¨
(
c W
  
	 R %  r
F¸
      
  







      
  







      
  







      
  
 
	 
 
	 
 
	 
 
	
 
 

 


  


ffff


 fiffifl "!#%$

 fi&fl""!#
$
ffff
 fiffifl "!'
$

%
jj'&)(+*',-'.
)(+*Y
,
tc
()/:.
c2143
&)5+j768(
(
E[cB101
65
1
/:9
F 1
/05
Z%i
/ &)-
mc
,
i
(),=?/
(k@
c21 B
&+(+*
3
,'50*'6l&
i n
&+-
k
68(
10DFE
,
e4c
,=G.H6-'9
ii
6-
(Y@
&+6
b
549
q
(+6[6-P/
1
/
c
-'*'6-
c
,
1
*'685ZKL&S/0/:6(
W
3
654/hj&+(+*,'-'.<Mj7685^68&)-'68-
gRJ(QiL
j'5468&S/:68-
E
9250&
k
9H-P/
c
()68-.-q/05068&S=G68-
(
10DFE
6-'*'50,
DfisPi
&+-*'6854685X6&+-'5468.H,'()&+654/
3
,'54*'6
71
&)-'*
c
,
e
6854*'6
i
@
54,
Dfis\10DFEP3_c
-
s
,'-'.H6-
ikZ
.2(+&
DFEU
*'&)6
1
&
DFEjE
&)685g&+-h*'6-RKj6
101
,'-'.H6-
3
&+6*'685
1+p
&)68.H6(+-
s(Z
-'-'68-
(
  
	 R %  r
¬('
 "*   <7@7 4  7?   /  +7 / <5+7  A A 4
Lasersheet
H2−Luft−Flamme Meßbereich: 4x4mm
Schweißbrenner
%
jj'&)(+*',-'.
 (+*Y¬
,
n N9p
650&
i
6-\/068()(+685
%
,= j
c
,
(
n
&+-'6 -
DFEP3
68&
e
j'506-'-'685
H}c,ii
6
3
&+54*
N
9
i Kc21
685
14E
686#/e*,'5
DFE'1
/:5
c2E
()/
(
°
-L*'&+6
1
6
i tvc,p
&)/:6(
3
&+54*
c,i B
68&
1+p
&)68( 68&)-'685^68&)-=
c2DFE
6-
sdo4W
@
&
F
,
1
&)9H-
1 H}c,ii
6
685
1
/
i4c
(
1
.H6
k
6&+.2/

*
c,e
*
c21
z2@
W±mc,i4c
-
W
KL6
e21fq1
/06
i c
,
DFEc
- 506
c
(+68-
¨
(
cFi4i
68-
68&+-.H6
1
6/
k
/
3
650*'6-
syc
--
( @
685k6
N9p
6854&
i
68-P/:6(+(+6
%
,= j
c
,m&
1
/o&+-
%
jj'&+()*','-'.
)(+*{¬
*
c
50.26
1
/068()()/
(
%
(
1<B
506-'-'685 *'&+6-P/:6i6&+- -
DFEP3
6&
e
j'5468-'-685k*'6
1`¦fPp'1
KL&+-'&S/
E
65
ikW
%
*'685
¨
&+5
ic
KL6
101
65
WCl
54&+6
14E
68&
i i
&S/
c
,
143
6
DFE1
68(rj
c
5468-
@
M
1
68-
(
¨
M5d*'&)6
1
6[KL6
101
,-
W
.H68-
3
,'54*'6c6&+-'6
@
M
1
6
i
&)/l68&)-'6
i
@
,'5
DFEi
6
101
685
N
9H-
Q%VKGLflL
N
685
3
68-*'6/
( @
cB1
KL6
e
N
9H(+,
i
6-dj76=
c
-'*
1
&
DFE
9,j65
Exc
(rjO*'685
B
5068--'6854*'M
1
6b,'-*
s
9H-'-P/:6b*',5
DFE>N\WfPW±k W
\
685
1
/:6(+(+65
c,i B
5468-'-685aj6(+&)6*j'&).
p
9
1
&)/0&+9H-'&)685_/
3
6850*68-
(
E
&)6j6506&)/
1
&)-
tvc,p
&)/068(

( z
j76
14DFE
50&)6*j768-
f3
,'50*'6
c
,
DFE
&)-m*'&+6
1
685Kj6
e
5468&
E
6
i
&S/
a
&)()=G6o*685
b
92(
c
54&
1hc
/:&+92-
1
/06
DFE
-'&
s
=G6
1
/0.H6
1
/:68()()/

*
c,e
*'&)6k.H6
i
6
141
68-6
°
-P/068-
1
&)/
w
/
*'6
1ffiE[c2141
65
c
-P/:6&+(
1 3_w2E
506-'* *'65
n
&
DFEi
6
101
,'-'.
c
,>=G.H50,'-*
N
92-
°¨
6/
3_c
,
i
6&+-'6-
¨ cFs
/09H5

Mj7685
E ZHE
/
3c
5
( @
&)6
1
685
nF
6
s
/
3
,'50*'6j768&\*'68-
%
,
1_3
654/:,-'.H68-
s
9H5054&+.H&)685_/
(
%
jj'&+()*','-'.
)(0*
²
k
68&+.B/o*'5468&
N
65
10DFE
&+68*68-'6LKL6
101
,-'.H68-m,'-P/0685 6
NcFs
/ .H(+6&
DFE
6-
B
68*'&)-'.H,'-.H68-
(
n
-P/0(
c
-'.i68&+-685
N
685_/:&
syc
()68- -
pxc
()/06
1
&+-'*R*&+6o5468(
c
/:&
N
68-
%
-P/:6&+()6o*'65
68&+-
k
68()-'68-ff-
p
6
k
&+6
1c,i l
6
1+c,i
/0.
c21 1
9
3
&)6g*'&+6
¦
6
i4p
685
c
/:,'5n*
c
50.26
1
/068()()/
( @
&)6
¨}c
5+j
W
  
	 R %  r
¬)*
1+syc (+6- 1 &)-'* =GM'5 ^ 68*'6 - p 6 k &)6 1
N
685 10DFE &)68*'6-  , i 68&+-6j76 101 68546
@
c 5 1 /:6(+(+,-'. k ,R685 W
ikZ .2(+& DFE 68-
(
¨ M'5b*'&+6<*'5468& B &+()*'685 ^ 6 3 6&+( 1 6&+-'65 - p 6 k &+6 1 1 &+-'*T*'&+6ff- syc ()68- ^ 68*'9 DFE
.H(+6& DFE
(@
c,i &)/b6 Nffic,s /:6 E 654/:6<Mj7685l*'&)6 ° -\/068- 1 &)/ w /:6-
N
9250(+&)68.H6- 3 ,'50*6Q6-\/0( c -.
*'685 .H5 c , 6&+-'.H6 k 6& DFE -'6#/:6- E 9H54& k 9H-P/ c ()68- -q/:54& DFE 6 ^ 6 3 6&+( 1 6&+- b 549 q (PMj7685 6&+-'6 B 5468& W
/:6
N
9H- gRJ(Q L .268-'9 ii 68-
(
%
jj'&+()*','-'.
 (+*
k 68&+.B/^*'&+6 1 6 b 509 q ()6
(
@
9 DFEk ,'54M Dfis[k ,
%
jj'&)(+*','-.
)(0*
²
(
B 6/05 c2DFE /:6#/ ic - 68&+-6
%
,=G- cBEi 6 
 68-P/ W
( c -'.<6&+-'65
N
685_/:& syc ()68- - pxc (S/:6

 1 9<= w ()()/g6&+- 1 / c 5 s 65 sdo4W±¨ (+, e4c ,=  *'685
N
9H- ,'-P/068-
&+- * c21 Kj6 e
N
9H(+, i 68-T68&)- 1 /05 Z%i /l,'-* 68&)-'6 s 68.H6()= Z 5 i &).H6-q/050, s /:,5 Exc /
(h@
c21 & 1 /
,'-
N
685j'5 c -'-P/:6 1 lvc21c , 1 *'685 B 5468-'-'650*'M 1 6
(V@
&)6 ¦ 6 i4p 685 c /:,'5
N
654/:6&+(),'-'. k 68&).2/ 
* c,e 6 1 &+- *&+6 1 6 ieB 68506& DFEsyc ()/[& 1 / c , e 65 Exc (jC* c .H6.H68- 1 /:68&).2/b*'&)6 ¦ 6 i4p 685 c /:,5
*'68,/0(+& DFEbc -  6 1 j'506-'-P/ c ( 1 9
(k@
&)6 B &+()*'685
N
9H- sdoVn j6 1 / w /:&).H68-C*'&)6 1 6 B 69%j c2DFEqW
/:,'-'.
(
%
, e 685 Exc (rj *'6 1 sdo0W±t 6.H68( 1o1 /:68&).2/k*'65 E£c2101 685 c -\/068&)( 1 / c 5 s£c -  3_w2E 506-'*
&+-'-'65 Exc (jm*'6 1t 68.268( 1§s 68&)- E£c2101 685 k , j7689%j cBDFE /068- & 1 /
(m@
&+6
%
,=G- c2Effii 6-
N
9H-
q<oak 6&+.H6-  * c,e *'685 sdo4W±t 6.H68(-\,'5 3 6-'&+.-\/:& Dfis\1 /:9 F 6-P/ Exw (S/ ffic ( 1 9 syc , i i &S/a*'65
mi
.H6*j',-'.
1
(),=?/
N
65
i
&
10DFE
/Z&
1
/
(d@
&+6
1
6 -q/:54,
s
/:,'5`&
1
/
E
&+-'.H6.H68-
c
-
npo
-\,'5
10DFEP3
685
k
,j685
s
68-'-68-
(p@
&+6 KL6
101
,-'.i&
1
/
N
92-L6&+-'6
i 1
/
c
5
s
68-
c
,
14DFE
68-LMj76850(
c
.H654/
(
n
&+-
\
6854.H(+6&
DFE
*'65e*'5468&
B
&+()*'685
k
6&+.2/

*
cFe
*'&+6
¨
(
cFi4i
6[-'&
DFE
/
N
Z
()(+&+.(
cFi
&)-
c
5
&
1
/
'1
92-'*'6854- ()68&
DFE
/068-h/:,'5j','(+6-P/:68- -
DFEP3_c
-
s
,'-'.H6-R,'-P/:650()&+68.B/
(
@
&)6
°
-P/068-
1
&)/
w
/
1+p
509
q
()6Q*685 -
p
6
k
&+6
1+s
9H-
k
6-P/:5
c
/:&+92-'68- &)-
%
jj'&+()*','-'.
)(0*
j6
W
1
/
w
/:&+.268-j*'&+6l&+-
%
jffij'&+()*','-'.
)(0*
²
.26
i4c2DFE
/:68-
B
689,j
c2DFE
/:,'-.H68-
(
°±i sdo4W±t
68.H6(Ij768&
68&+-685
b
9
1
&)/0&+9H-vj768&
JGLflL
&
1
/ *'&)6 -
c
,'685
1
/09
F
&)-/:6-
1
&S/
w
/ .268-
c
,
1
9`.H509
e^3
&+6Y*'&)6 -q/:&
DfisHW
1
/:9
$
-P/068-
1
&)/
w
/
(]@
c
6
1]1
&
DFE
,
i
6&+-'6
E£c2141
685
1
/09
F7W
@
&
F
,
1
&+9H-
1 H}c,ii
6p&+-
c
,
i
(+,=?/
Exc
-'*'6()/

=G9H(+.B/ *
c
5
c
,
1*
*
cFe
&+- *'685 -
c
,'65
1
/09
Fi
6
101
,-'.[68&)-
1
/
Z
506-'*'685

-P/:650.H54,'-'*
N
9H5
Exc
-'*'6- &
1
/
(
B
6&*'65
B
6/05
c2DFE
/0,'-'.b*'6
1o¦
6
ip
685
c
/:,'5
p
509
q
(
1
&)-
%
jj&+(+*,'-'.
)(0*
N
685
3
,'-'*'654/
k
,'65
1
/ *'&+6
i4c N
&
i4c
(+6
¦
6
i4p
685
c
/:,5
N
9H-
 g(QfQ	
(
¦gE
689H546/0&
10DFE 1
&)-'* j768&[6&+-'65
1
9H(
DFE
68-
¨
(
cFi4i
6
¦
6
ip
685
c
/:,'5468-j'&
16k
,
JfK(QfQ	 k
,C65
3_c
54/068-
(<@
&)6
1
.H&)()/
^
68*'9
DFE
-q,5d=GM'5
p
,'-
s
/0=
Z
5
i
&+.H6ZKL6
101
,-'.H68-
(p@
cB1Kc21
65
14E
686#/aj6
1
&)/
k
/d-
c2DFE
%
j
10DFE
-'&)/4/
#( ¬
^
68*'9
DFE
6&+-'6
B
506&)/:6
N
9H-
i
6
E
5
c
(
1
68&)-'6
i
KL&+()(+&
i
6-\/0685
(b@
6
14Exc
(j
3
&)50*uj768& 6&+-'65
KL6
141
,'-'.<&
i4i
685YMj7685d68&+-68-
c
,
i
j7685468&
DFE
.H6
i
&)/4/:6()/
(
%
,
e
6854*'6
i
6
N
&
1
/:&)68506-O68&)-
68&+- -q/0506,'(+&
DFE
/0,'-P/:650.H54,'-'* &
i npo_W
->&).H-
c
(
1
9
3
&+6k6
N
68-P/0,'68()(+6
K°¨ Wn F
6
s
/:6

*'&)6k*'&+6
KL6
141
,'-'.
N
685_=
w
(
14DFE
68-
(
%
jj'&+()*','-'.
)(0*Y¸
k
68&+.B/a*'&)6 -
D*c
/0/0685
p
(+92/
1
*'65
sdo4W
@
&
F
,
1
&+92-
1 H}cFi4i
6
(
°
-O68&)-'6
i
-
D{c
/4/:65
p
()92/k&
1
/
^
6
3
68&)(
1
*685KL9H()68-Tj'54,
DFE
68&+-685 -
p
6
k
&+6
1
.H68.H6-m*'68- KL&
10DFE
,'-'.
1 W
j'50,
DFE£c
,=G.H6#/:5
c
.H68-
(
-
D{c
/4/:65
p
()92/
1X3
6854*'68-T&
i	c
(+(+.26
i
68&+-68- =GM'5[*&+6
pExc
5
c,s
/:650&
W
1
&+650,'-.
N
9H- /0,'5+j',(+68-P/068-
¨
(
c,i4i
68-
N
65
3
68-'*6/
3
&+6j768&
1+p
&)68(
143
68&
1
6i&)-
\ B
509
¸ ^

1
&+6
Exc
j768-
^
6*'9
DFEMc
,
DFEJE
&+65i&
E
506
B
68546
DFE
/:&).H,'-'.

-'&
DFE
/O-\,'5
3
68&)(e*'&)6
¨
(
c,i4i
6
(+68&
DFE
/l/0,'5+j,'(+6-\/l&
1
/
 1
92-'*'6854- &)-
1
j76
1
9H-'*'6506
c
,
DFE= 3
6&+(
1
&)6
k
68&).H68-

9%j *
c21
z2@
W
mc,i4c
-
i
6
e21fq1
/06
i¶·
,
c
-P/0&)/
c
/:&
N
1
&)-'-
N
9H()(+6
p'Efq1
&
syc
(+&
10DFE
6
n
50.H6.j'-'&
101
6l(+&)6=G654/
(
c
,
i
\
6854.H(+6&
DFEi
&S/k*'65
¦gE
689H54&+6O68-P/
Exw
()/
%
jj'&+()*','-'.
 (+*Y¸
*'5468&g650506
DFE
-'6#/:6
t
,5
N
6-

68&)-'6o=GM'5X*&+6<KL&
10DFE
,'-'.h9
E
-'6

6
c,s
/:&)9H-

6&+-'6 =GM'5X*'&)6
\
685j'506-'-\,'-'.j&
i
  
	 R %  r
¬%z
c *'& c j c /:& 10DFE 6- l ()68& DFE .H6 3 & DFE /X,'-'*C6&+-'6  &+-R*685X*'&)6 B 5468&)/06o*'6 1vKc21 65 10E 686/ 1 j6 W
50M Dfis\1 & DFE /:&+.B/ 3 &)50*
( c
,<*'&+6 1 6 i
c
3 6 Dfis 3 ,'50*'6 1 & i ,'()&+654/  * c,e &)- ^ 6*'6 i KL6 e%p ,'- s /
  mi .H6.j','-'. 1 (+,=?/ i &)/0.H6 i 6 141 6- 3 6854*'68-
(
@
&)6hKL6 e23 654/06 1 /:& i4i 68- 546 DFE /.H,/ i &)/o*'685 ¦gE 689H54&+6 s ,5
N
6jMj7685468&+-  &+-A*'65
c -'.H6-'9 ii 6- 3 &)50*  * c,e * c21 Kj6 e
N
9H(+, i 68-   mi .H6.j','-'. 1 (+,=?/l6-\/ Exw (S/
(
n &+-6
%
, 1 - c2Ei 6vj'&+()*'68-h*'&)6 - D{c /4/:65 p ()92/ 1
N
9H- npo ,'-'* sdo n
(
@
&)6[KL6 e23 6854/06[*'6 1npo_W - D*c /0/0685 p (+92/ 1 (+&)68.H6-i*'6,/:()& DFE Mffij65a*'685 ¦gE 689H54&+6 s ,5
N
6 
3c21mc j7685 ic ( 1 j768(+6.2/  * c,e<E &+65g68&)- 1 / Z 5468-'*6 1
c
, 1hc / k81 &+.H- c (
N
9H5 Exc -'*'6-L& 1 /
(
@
&)6hKL6 e23 654/06L*'6 1"s o[nbW - D{c /4/:685 p (+9B/ 1`k 68&+.268-m& i E 68& e 68- B 6506& DFE 6*j768-= c (+( 1
68&+-6
%
j 3 6& DFE ,'-'.Q- c2DFE 9%j6-
(f@
c21g3 68& 1 / c ,= 68&+-68- lagW°Cb¨ W  -P/:6854.H50,-'* E &+- 
*'685^-'& DFE /
N
9H(+( 1 / w -'*'&+.k6(+& i &)-'&+654/ 3 650*'6- s 92-'-P/:6
(
° - 1 .H6 1+c,i /l.H6 1 6 E 68- k 68&).H68- *'&)6- D{c /4/:65 p ()92/ 1vc j7685[6&+-'*68,/0&+.  * cFe * c21 KL6 e W
1fq1 /06 i 1 &)-'-
N
9H()(+6 · , c -P/:&S/ c /0&
N
6
@
c /:6-L&)-h68&+-685 ¨ ( c,i4i 6e()&+6#=G6854/
(
  
	 R %  r
¬,
      
  







 		



		  fifffl
ffi
  
		



		
  


 		
!!
"
#ff $
 "
ff%$
 "
ff%$

%
jj'&)(+*',-'.
 (+*
² ,
a
z
W
@
&
F
,
1
&+9H-
1 H}c,ii
6
,
@
506&
N
685
10DFE
&)68*'6-'6
B
&)(+*'65l,-\/0685l.H(+6&
W
DFE
68-
B
68*'&)-'.H,'-'.268-
fi^
6
3
68&+(
1
&
iRn
&+-
k
68(
10DFE
,
e6c
,>=G.H68-'9
i4i
68-
( @
c
50.H6
1
/:6(+(S/
1
&+-'* *'&+6
KL9H(+6-Tj'50M
DFE
6c*'685 68&)-
k
6(+-'6-
lcB1
6
1
9
3
&+6i*&+6
¦
6
i4p
685
c
/:,'5
(j@
&+6Q.H5
c
,68-

&)-'&+6-
ic
5
s
&+685468-h*'&)6
B
685468&
DFE
6

Mj7685^*'&+6
b
549
q
(+6[.26
k
92.H68-
3
,'50*68-
(
  
	 R %  r
¬

     
  
 
  
 
	   

 
	  


ff
fi fl
ffi
fl! 
"
fl
#$
fl%

fi &
%
'()
** ++
,,
++

++
** ++

--
%
jj'&)(+*',-'.
)(0*
,
a
9H54&
k
9H-P/
c
()6
b
509
q
(+6cMj7685
c
(+()6 -
p
6
k
&+6
1
,'-'*m*'&+6
¦
6
i4p
685
c
/:,5
*'685
a
z
W
@
&
F
,
1
&+9H-
1 H}c,ii
6
( @
&+6QKL9H()68-Tj'54M
DFE
6
3
,'50*68-
i
&)/e68&)-'6
i¨}c,s
/09H5
* 'f'('
i
,'()/0&
p
()&
k
&+685_/

,
i
6&+-'6 j76
141
6506
@
c
5
1
/:68()(+,'-.
k
,j68505468&
DFE
68-
(
  
	 R %  r
¬%
        	
 
  
  
   
  
   
  
         
  
  
  
  
 

         
  
 
  
 
  
     	    
  
 
  
 
  
     	    
  
  
  
  
 

fiffflffi fi!"#flff
$ %
&'
%(
)
* +(
,-.
/ 0
1
%
2
3
(
+
4
5
fiffflffi fi!"#flff
/ 0
1
%
2
3
(
+
4
5
fiffflffi fi!"#flff fiffflffi fi!"#flff
/ 0
1
%
2
3
(
+
4
5
/ 0
1
%
2
3
(
+
4
5
fiffflffi fi!"#flff
66 77
88
77
99
77 66
99
77
:;

:
!
:=<
fiff >@?A >fiff >B@fiff
<
fiffflffi DC	ff=ffiE>GFH>
:JIK<
CLffi
:;

:
!
:=<
fiff >@?A >fiff >B@fiff
<
M

<N
flO
<
! >	
M
fiffflffi 
%QP=P
&)(+*',-'.DR
(0*Y¸
,
@
&)6 -
DTS
/0/0685VU(+92/
1
*'685
s o_W
@
&
F
,
1
&+9H-
1 HSXWW
6ZY68&+.268-R6&+-'6o=G6#/0/06
S
*'&
S
P
S
/:&
10DFE[S
P
(
S
,=G6-'*'6]\Y65
P
5468-'-\,'-.
(A@
&)6c*','5
DFE
.H6TY9H.H6-'6_^&)-'&+6Q6850.2&
P
/
1
&
DFEJ`
3
6-'-i&
W
KL6Ta
N
9H(),
W
6-

bW
.H6
P
,'-'.
1
(+,=?/Y6-P/
E S
(S/:6-
1
&+-'*
( @
&+6 -
S
,'685
1
/:9
FLW
6
1 W
1
,'-'.&
1
/
N
9H- -q/
Z
50,'-'.268-jM
P
650(
S
.H685_/
(
  
	 R %  r
¬,¬
 "*ffi    A / 5  4   <4A / 7@13 ?@4   A A 4
@
&+6 KL6 101 ,-'.H68- &)-h*'&+6 1 6 W S U&)/:6( 3 ,'54*'68- S -L6&+-'65`( SXW &+- S 5468-
N
9H50.26 W & 10DFE /068-
s o0W ( S W W 6 . 3 9H--'68-
(Q@
65l6 N U650& W 68-P/068(+()6
%
,=
P
S ,C68-P/ 1 U'5 S2DFE *'6 W &)-
%QP=P
&)( W
*','-'. R
(0*Y¬
W &)/ *6 W  -\/0685 10DFE &)68* ` * S a *'65- DFEP3 6& a
P
5468-'-685 1 / S /0/ W &)/ 5468&)-'6 W
E S2141 65 1 /09 F W &S/[68&)-'6 WE S2141 65 1 /09 F W ^,=?/:.26 W & 10DFE
P
6/:54&+6
P
6- 3 ,50*'6
(i@
&)6KL6Ta W
U9 1 &)/0&+9H-
P
6= S -* 1 & DFE &)- J(Q(LflL aMZHE 6 SXW S -'**'685  ( SXWW 6
( @
685
@
M 1 6-'*','5 DFE>W
W 6 101 65
P
6/:54,'. JGLflL ` *&+6 1 & DFE /
P
S 506  ( SXWW 68-'.H5 Z aH6 T(Q  KGLflL
(
	
1i3 ,'50*68-
B &+()*'685b& W
	
&)-=Y86( 10DFE ,=a ,'-'* W &)/ Y86 E - - DFE M 141 6- &)-46 3 6&+( 1 *'5468&
N
685 10DFE &)68*'6-'68-
E 9H50&Y89H-P/ S (+6- b 9 1 &S/:&)9H-'68- S ,>=G.H68-'9 W W 68-
(
@
&)6
%bP=P
&)(+*','-.H68-_R
(('
,'-* R
()*
Y868&).H68-46 3 68&+( 1 68&+-6 KL6 101 ,'-'.c=GM'5`*'506&
N
685 W
10DFE &)68*'6-'6 KL6Ta U79 1 &)/:&)9H-'6-
(]@
&)6 E 9H54& Y892-\/ S (+6XKL6TaXU9 1 &)/0&+9H- 3 ,50*'6
P
68&468*'65`KL6 1 W
1 ,'-'.`, W 2LflL
N
685 14DFE 9
P
68- ` , W Y, 1 6 E 6- `B3 &)6]*'&+6  ( SXWW 6-=G509H-P/*','5 DFE * SB1B &+(+*
3 S -*'685_/
(
° -
%QP=P
&)(+*',-'. R
(('
& 1 /468*6OKL6 101 ,-'. M
P
685
* '
^ S21 65 14DFE M 101 6h.H6 W &S/ W
/:68(S/
`
*'&)6
B
&+(+*685g&+-_R
()*
E
&+-'.268.H6-
3
,'54*'68-L&
W
	
&+- Y868(
10DFE
,=a
S
,=G.H68-9
W W
68-
(
E
&+6
P
65068&S/
1
&
W
N
9H5
E
650&).H68-
 S
U&)/:6(EY86&+.2/d68&)-'6
N
685_/:&
S
()6 -fiU
S
(S/:6`*'&+6

9H- Y868-P/05
S
/0&+9H-'6-
N
9H-
q o `inpo `isdo n `Isdo
,'-'*R*'&)6o*
S
5
S
,
1
P
6
1
/0&
WW
/:6 6
W
U7685
S
/:,5
(X@
&+6
S
5
P
1

S W
(+68-<=GM'5f*'&+6
N
685
14DFE
&+6*'68-68- -fiU76TY&+6
1Y3
,'54*'68-
1
9o.26
32E
()/
`
*
S
al68&+-6
W"Z
.H()&
DFE'1
/Y.H,/06
@
S
5
1
/:6(+(+,-'.h68505468&
DFE
/
3
&)50*
`1
&+6
1
&)-'*468*'9
DFE
=GM5[,'-P/:685
10DFE
&)68*'()&
DFE
6 -fiU76TY&+6
1
-'&
DFE
/
N
6854.H(+6&
DFE
P
S
5
(

M'5n*'&+6a*5068&
N
685
10DFE
&)68*'6-'68-OKL6
141
,'-'.268-
1
&+-**&+6
S
5
P
1

S
()68- 6&+-'65
-fiU6 Y8&)6
1
&
WW
65d.2(+68&
DFE
(Y@
&)6
°
-P/:68-
1
&)/

/
1 W
,'-'* 6
W
U7685
S
/:,5
N
650(

,=G6
1
&)-'*
S
,
1
*'6-
=G9H(+.H6-'*'6-
%QP=P
&+(+*,'-'.H6- R
(
P
&
1
R
(ffF¬
Y8, 68-P/:-'6
E=W
68-
(
-q&+6Y868&).H68-
E
9H50&Y89H-P/
S
(+6
b
549flfi ()6lM
P
65g*'&+6
B
&)(+*'65
S
,
1
*'6-
%bP=P
&+()*','-'.268- R
(('
,'-'*_R
(ff * (
c
,'54M
D
 Y8,
%bP=P
&)(+*','-. R
(('#(	
1
&
1
/ 68&+-6

(
SXW W
68->=G509H-P/ Y8,
1
6
E
68-
`
*'&)6=GM5
*'&+6
E
9H50&Y89H-P/
S
(+68-RKL6TaXU9
1
&)/0&+9H-'6-
N
92-

P
&
1pgGLflL
N
9H-C506
DFE
/
1
-
S2DFE
(+&)-ffi
1
*',5
DFE
*
S21dB
&)(+*
3 S
-*'685_/
(
E
&+6 Y8,m685
3 S
5_/:6-
`
Y86&+.H6-A*'&+6
B
&+()*'685
N
9H-
q o
,'-'*
npokE
9
W
E
6
°
-P/:6-
1
&S/

/068-R546
DFE
/
1
N
9H- *'685

(
S W W
68-=G549H-P/
`'32E
5468-'* *'&)6
°
-P/:6-
1
&S/

/068-
N
9H-
s oVn
,'-'* *685 6
W
U7685
S
/:,5g(+&+- 
1
N
9H-j*'685

(
SXW W
68->=G509H-P/ Y,'-'6
E=W
6-
(
a
&+65
1
&)-'*
S
,
DFE
-9
DFE!
6
1
/:6
N
92-
sdo
Y,T65"B68-'-'6-
(
°
- *'68-
B
&+()*'6854-
N
9H-
q o
,'-*
npol1
&)-'*
Y8,'-'.268-
S
5_/:&).H6
B
65068&
DFE
6[685
E ZHE
/:65
°
-P/:68-
1
&)/

/HY,O685"B68-'-68-
`
*'&)6e&+-i*'68-h(+&)-ffi26-
B
6
W
5068&
DFE
*'65

(
SXWW
68-=G549H-P/
E
&)-'68&)-'5
S
.268-
(
a
&)685
P
6&
E S
-'*'6()/l6
1l1
&
DFE
,
W
%
54/06=
S
P/06
*'6
1
^
S21
65
10E
686/
1T`
*
S21[1
&
DFE
&
W
\Y650(
S
,=f*'685 KL6
101
,-'.H68-
N
685

-'*'654/
E S
/
(<@
&+6
°
-
W
E
9
W
9H.H68-&)/

/:68-O()&+6 aH68-
1
&
DFE
-&
DFE
/
N
9H()(
1
/

-'*&+.#2925050&).H&+6506-
(
%bP=P
&+()*','-'. R
(ff *
Y86&+.2/O6
N S
P/h*'&+6
1
68(
P
6-
%
,=G-
S2E=W
68-
3
&+6
%QP=P
&)(+*',-'.[R
(('#(
@
&+6
1
6
1 W]S
(
1
&+-*$468*'9
DFE_S
(+(+6
%
,=G-
S2E=W
68-
W
&S/a6&+-'6
W
^
S21
65
14DFE
, a
S
,=G.268-'9
WW
68-
(
E
&+6[685
3 S
54/:6#/
`
Y68&+.268-O*'&)6
B
&+()*'685d68&+-O*68,/0(+&
DFEhE Z2E
68546
1%bS
,
10DFE
6-
`
&+-
1
P
6
1
92-'*'68546
&
W npo_W& S
-
S
(
( @
&)6
B
689
P
S2DFE
/:,'-.H68-
`
*'&+6
S
- *68- M
P
65 Y86
E
- ^
S21
685
14DFE
M
101
6R.H6
W
W
&S/0/:6()/068-
B
&)(+*'650-k.H6
3
9H--'68-
3
,'50*'6-
`

Z
-'-68-
S
P
65
S
,
DFEiE
&+685].26
W S2DFE
/
3
650*'6-
(
@
SXW
&)/
3
&+54*
3
&)68*'65Z6&+-
W S
(6&+-'*50,
D

1
N
9H(+(
P
6
1
/

/0&+.2/
`
*
S
a*
S21
KL6Ta
1('q1
/:6
W S
,
DFE
&+-h*'&+6
1
6
W)S
(+(
1
&+--
N
9H(+()6
	
50.H6
P
-'&
141
6l(+&)6=G685_/
(
@
&)6
%QP=P
&)(+*',-'.H68- R
(
P
&
1
R
(,¬
Y86&+.H6-Q=GM'5
S
()(+6 - U6 Y8&+6
1
,-'*i*'&)6 6
W
U7685
S
/:,5
  
	 R %  r
¬
²
68&+-68- *'&+546 P/:6- · , S -P/0&)/ S /:&
N
68- \Y6854.H(+6& DFE *'65 ° -\/068- 1 &)/  /:6- & W
	
&+-=Y68( 10DFE ,=a ,-'*
M
P
65bY6 E - - DFE ,=ac.H6 W &S/0/:6()/
( c
,L*'&+6 1 6 W
c
3 6 D  3 ,'54*'68-LM
P
685`*'&+6
%QP=P
&+(+*,'-'.H6-
R
(ffG'
,-'* R
(ff *
E 9H50&Y89H-P/ S (+6 b 549flfi (+6
N
9H- gRJ(QiL .26TY892.H68- ` =GM5 468*'6QKL6 a U9 1 &)/0&+9H-
46 3 68&+( 1 68&+- b 509 fi (
(
%bP=P
&+()*','-'. R
(
Y86&+.2/n*'68- \Y650.H()68& DFE =GM'5 - S ,'685 1 /09 F
(
->9 3 9 E (
P
68& Y6 E -ff- DFE M 1 W
1 68- S ( 1 S , DFE & W
	
&)-=Y86( 14DFE , ak& 1 /a*'68,/0(+& DFE Y8, 1 6 E 6- `'3 &+6Z*'&+6  ( SXWW 6-=G5092-\/ W &)/
*'6 W \Y65  -'*6850-Q*'685dKL6 a U79 1 &S/:&+92- 3 S -*'685_/
(Y@
&)6 B 5068&S/:6g*'65  ( SXWW 6-=G5092-\/n(+&)68.2/
P
6& \- S U=U ,'-P/0685o6&+-'6 W KL&)(+(+& W 6#/:65
(<@
S \Y6850.2(+68& DFE'1VW 6 141 ,'-.H68- W &S/b68&+-6 W S - W
*'685468- KL6 a 1 'q1 /06 W =G6 E ()68- `  S -'- E &)685%26&+-'6
%
, 101VS .H6 * S 50M
P
685Z.H6 W S2DFE / 3 650*'6- `
9
P
*'&+6  ( SXWW 6-=G509H-P/d/ S / 1 2DFE ()& DFEO1 9
P
5468&S/g& 1 /^9>*'65g9
P
*'&+6 1 65
	
F 6 P/`*','5 DFE * SB1
KL6Ta 1('q1 /:6 W
N
6854,'5 1VS2DFE / 3 &)50*
(
%
, F  ()(+&).p& 1 / S , DFEJ` * S a^*'65 ° -\/068- 1 &)/  / 1 ,'-P/:685 10DFE &)68*
Y 3 & 14DFE 68-h&)-i,'-'* S ,=aH65 E S (
P
*'65  ( SXW W 68->=G509H-P/Y-\,'5p6&+-'6- S P/:9H5 Y 3 68&
P
6#/:5  .2/
(
	
&)- \Y6850.2(+68& DFE W &S/[*'68-  6 W U65 S /0,'5VU'549flfi ()68-C&+-
%QP P
&+()*','-'. R
(,¬
Y86&+.2/ ` * S aj*'&+6
W]S N & W]S ()6 6 W U7685 S /:,5p-\,'5
P
68& fQfQ  (+&+6.2/
(
E &+6Z& W
%bP
10DFE -&)/0/HR
(
R S , 1 .H6=GM E 54/ `
=GM
E
54/^*
S21
KL&)/4/:6(+-OM
P
685g6&+-'6-j.26
3
&
141
6-
 S
,
W
P
685468&
DFE S
,=G.H50,-'*O*'685
B
5468&S/:6X*'6
1
^
SB1
685
10E
66/
1
Y8,'5 KL6
141
,'-'.
N
9H- .H650&)-'.H68-  6
W
U7685
S
/:,'5468-
( c
,
1 
/ Y8()&
DFE
6
N
&
1
/:&+654/ 68&)-

-P/:650.H54,'-'*j&
W npo_W
->&).H-
S
(
`
*685
1
&
DFE
6
P
6-=
S
()(
1HS
,>=n*'&)6  6
W
U7685
S
/:,5
P
6
1
/0&
WW
,'-'.
S
,
143
&)5"P/
(
@
&)6
b
509 fi (+6Z&
W
	
&+-=Y68(
14DFE
,=a Y86&+.H6-c*
S2141
68(
P
6b\Y685
E=S
()/068-
3
&+6
P
6&Y6
E
-.-
DFE
,=a
`
1
&+-*
S
P
685g*68,/0(+&
DFE
N
68505
S
,
14DFE
/
(
%bP=P
&+()*','-'. R
(
Y86&+.2/Z*'68- \Y6854.H(+6&
DFE
Y
3
&
14DFE
68-
	
&)-=Y86(
W
,'-'*_Y86
E
- -
DFE
,=ai=GM5
-
S
,'65
1
/09
F
(
E
6.H68- *'6
1
.26850&)-'.H6- ->&+.H-
S
(
1
,-'*C*'685

-P/06850.250,'-'*6
W
U fi -'*'()&
DFE
B68&S/
(+&+6.2/
S
,= *'68-
b
509 fi (+6-c68&)-O.H5
Z
a268506
1 S
,
10DFE
68-
S
(
1
P
6&
W9q<o `>1
&+6QY868&).H68-O*68-'-'9
DFE
*'&+6[.H()68&
DFE
68-
	
50.H6
P
-'&
141
6
3
&+6
P
68&
W
-q/0&
D

1
/09
F
(
@
&)6
E S2101
685 U'509flfi'(+6c&)-
%QP=P
&+(+*,'-'. R
(
Y868&).H68-A6&+-
BE
-'(+&
DFE
6
1
	
54.H6
P
-'&
1 `
-q,5
*
S
a*'&+6
E S2101
6854&+-P/:6-
1
&S/

/ 46#/ Y/`&
W B
65068&
DFE
*685

(
S W W
68-=G549H-P/
1
/
S
5 
S
-
1
/:68&).2/
(
B
6& *'68-
sdo4Wmb
509flfi ()68-&+-
%QP=P
&)(+*',-'. R
(ff
R[&
1
/ Y
3 S
5p-'9
DFE
Y,i685 26-'-'68-
`
*
S
a &
W
(+&+- 268-
B
685468&
DFE@W
6
E
5
E S2101
685
1
/:9
F]S
-=Y,/:546
F
68- &
1
/
`
*
SB1  S
,
14DFE
68- &
W
	
&+-=Y68(
10DFE
,=a
&
1
/
S
,>=G.H50,'-*j*685`-'&+6*'50&).H68-
sdo0W&
9H-=Y68-P/:5
S
/:&)9H-
S
(+()6850*&+-'.
1
P
6506&)/
1^1
9
1
/
S
5 
`
*
S
a
E
&+65 26&+-'6
1
&+-'-
N
92(+(+6-
%
,
141 S
.268-jM
P
65g*'&+6
b
9
1
&)/:&)9H-c*'65

(
S W W
68-=G549H-P/p.26
W S2DFE
/
3
650*'6- 
Z
--'68-
(
@
&)6  6
W
U65
S
/0,'5VU'549flfi ()6c&+-
%bP=P
&)(+*','-. R
(,¬
Y86&+.H6- *68-
10DFE
92-
P
68&p*'68-
S
-
W
*'685468- -fiU76TY&+6
1
P
689
P
S2DFE
/:6/068- \Y650(
S
,=
(
E
&)6
P
65068&S/
1
Y8,
N
9H5
P
6
W
65"P/
`
()&+6.2/<*'&+6
W]S N
&
W]S
()6  6
W
U65
S
/0,'5
P
68&
fQfQ 
(
  
	 R %  r
¬ 
0 1 2 3 4
0
1
2
3
4
mm
m
m
N2
Horizontale Position
O2
H2O
H2
T
1mm 2mm 3mm
%QP=P
&)(+*',-'. R
(ff('
,

(
SXWW
6-=G5092-\/68&+-685
N
9H54.H6
W
&
14DFE
/:68-
s o_W
^,=?/
W
(
S W W
6
`
46
3
6&+(
1
,
W  LflL
N
685
10DFE
9
P
6-
(

M'5 468*6
b
9
1
&)/0&+9H-
3
,'50*6 M
P
685
* '
^
S21
65
14DFE
M
101
6<.H6
W
&S/
W
/:68(S/
(
  
	 R %  r
¬,¸
0 1 2 3 4
0
1
2
3
4
mm
m
m
N2
Horizontale Position
O2
H2O
H2
T
1mm 2mm 3mm
%QP=P
&)(+*',-'. R
(ff)*
,

(
SXWW
6-=G5092-\/68&+-685
N
9H54.H6
W
&
14DFE
/:68-
s o_W
^,=?/
W
(
S W W
6
`
46
3
6&+(
1
,
W  LflL
N
685
10DFE
9
P
6-
(a@
&)6
B
&+()*'685
3
,50*'6- &
W
	
&+-=Y68(
10DFE
,=a
S
,=G.H68-9
W W
68-
(
  
	 R %  r ²
'
 	

    





    





ffflfiffi 

ffi!#"$%ffiffi
&flfiffi

ffi!#"(')
 	

*+,
+-
. /
0132
-
456
0
/
5
.
+ 7
89
+
1
. :
+
,
*+,
+-
.
/
0
1
2
-
456
0
/
5
.
+ 7
89
+
1
. :
+
,
;; <<
%QP=P
&)(+*',-'. R
(
,
\Y650.H()68&
DFE
Y
3
&
10DFE
6-
* '
^
S21
685
14DFE
M
101
68-,'-'* 6&+-'6
W
	
&)-=Y86(
10DFE
,=a
(
@
&+6

(
S W W
68-=G549H-P/k68&)-'685
N
9H50.H6
W
&
10DFE
/:6-
sdo4W
^,=?/
W&
(
SXWW
6
`
46
3
68&)(
1
,
W  LflL
N
685
10DFE
9
P
6-
(
  
	 R %  r  
*
	



fffi
flff

ffi! 
	

"$#%
#&
' (
)*,+
&
-./
)
(
.
'
# 0
12
#
*
' 3
#
%
"$#%
#&
'
(
)
*
+
&
-./
)
(
.
'
# 0
12
#
*
' 3
#
%
 44
  55 66 77

89
8 5
8$6
  55 66 77

89
8 5
8$6
%QP=P
&)(+*',-'. R
(
,
\Y650.H()68&
DFE
Y
3
&
10DFE
6-
* '
^
S21
685
14DFE
M
101
68-,'-'* 6&+-'6
W
	
&)-=Y86(
10DFE
,=a
(
@
&+6

(
S W W
68-=G549H-P/k68&)-'685
N
9H50.H6
W
&
10DFE
/:6-
sdo4W
^,=?/
W&
(
SXWW
6
`
46
3
68&)(
1
,
W  LflL
N
685
10DFE
9
P
6-
(
  
	   

ffflfiffi ffi"!
#$&%(')+*

),.-0/))*
#1%('0)*

),.-3254
ffflfiffi ffi"!
6879
7:
; <
=>@?
:
ABC
=
<
B
;
7 D
EF
7
>
; G
7
9
6879
7:
;
<
=
>
?
:
ABC
=
<
B
;
7 D
EF
7
>
; G
7
9
HH II

$$ ## JJ KK LL
$$
$flMN$O#
$flMN$PJ
$flMN$0K
$flMN$PL
$flMN$0Q
$$ ## JJ KK LL
$$
$flMN$O#
$flMN$PJ
$flMN$0K
$flMN$PL
%QP=P
&)(+*',-'. R
(
,
\Y650.H()68&
DFE
Y
3
&
10DFE
6-
*SR
^
S21
685
14DFE
M
101
68-,'-'* 6&+-'6
W
	
&)-=Y86(
10DFE
,=a
(
@
&+6

(
S W W
68-=G549H-P/k68&)-'685
N
9H50.H6
W
&
10DFE
/:6-UT V
W
^,=?/
W&
(
SXWW
6
`
46
3
68&)(
1
,
W WYXZX
N
685
10DFE
9
P
6-
(
  
	   

 	



ff
fi

ffifl 
 	

!#"$
"%
& '
()+*
%
,-.
(
'
-
&
" /
01
"
)
& 2
"
$
!#"$
"%
&
'
(
)
*
%
,-.
(
'
-
&
" /
01
"
)
& 2
"
$
33 44
  55 66 77

89:
89;5
896
89;7
  55 66 77

89:
89;5
896
89;7
%QP=P
&)(+*',-'. R
(
R
,
\Y650.H()68&
DFE
Y
3
&
10DFE
6-
*SR
^
S21
685
14DFE
M
101
68-,'-'* 6&+-'6
W
	
&)-=Y86(
10DFE
,=a
(
@
&+6

(
S W W
68-=G549H-P/k68&)-'685
N
9H50.H6
W
&
10DFE
/:6-UT V
W
^,=?/
W&
(
SXWW
6
`
46
3
68&)(
1
,
W WYXZX
N
685
10DFE
9
P
6-
(
  
	   

 	



ff
fi

ffifl 
 	

! "
#$
"%
&
' (
%
)*+
! "
#$
"
%
&
' (
%
)*+
,-
/.




fl

  00 11 22

3
04
1ffi
24
5ffi
64
  00 11 22

3
04
1ffi
24
5ffi
64
%QP=P
&)(+*',-'. R
(7
,
\Y650.H()68&
DFE
Y
3
&
10DFE
6-
*SR
^
S21
685
14DFE
M
101
68-,'-'* 6&+-'6
W
	
&)-=Y86(
10DFE
,=a
(
@
&+6

(
S W W
68-=G549H-P/k68&)-'685
N
9H50.H6
W
&
10DFE
/:6-UT V
W
^,=?/
W&
(
SXWW
6
`
46
3
68&)(
1
,
W WYXZX
N
685
10DFE
9
P
6-
(
  
	    R
  	 
  	
ff
@
&+6 KL6 101 ,'-'.H6- & W
N
925 E 650&+.268-  S U'&)/068( E S
P
68-;.H6TY68&).2/ ` * S a
2@
W& SXW]S - W 6 1_W
1 ,'-'.268-
N
9H-J6&+-'6 W fi -P/:650.H54,'-'*
N
654=  ( 10DFE / 3 6850*68- ffiflH--'68-
( 
=?/Q(+&)68.2/Q*'&+6 1 65
fi -P/:650.H54,'-'*R&)-  9H5 W
N
9H-"!V W ^#%$  9q*'685&! T W ^#%$ 
N
9H5
(^@
&)6 1 6  (),'9H506 1 Y68-=Y68-
ffiflH-'-68-c*',5 DFEi14DFE=W S (
P
S -'*'&+.26
%QP
1 /:& WW ,'-.[*'6 1 ^ S21 65 1 S ,=6&+-'6^6-\/ 1 U'546 DFE 6-'*'6
' 6(+(+6-'(  -'.H6X,'-P/06850*50M D P/ 3 6854*'68-)(+*d509-,R/.
(
-fiU76 P/05 S ( S ,>=G.H68(0fl 1 /06bKL6 141 ,'-.H68-R65 W flH.H()& DFE 6-O6 1T` ,- W &S/0/068(
P
S 5 Y,L65"26-'-'6- `
9
P
1 /1flH5468-'*6  (),'9H546 1 Y68-=Y68-
N
9H5 E S -'*'6- 1 &+-'*
( @
S21 & 1 /
P
68&b*'6 W
2@
W& SXW S - W
1 'q1 /06 W 468*'9 DFE -'& DFE / W flH.H()& DFEJ`3 68&+(Y-\,'5
N
&+685b*'& 1 \506#/:6 ' 6(+(+6-'(  -'.H68-C.H6 W 6 101 68-
3 650*'6-ffifl2-'-'68-
(
^2#   ^#%$  W -fiU76 P/:5468- 1 &)-'*<*'6 14E S (
P
-'& DFE / Y,&)*'68-P/0& fiEY&+685468-
(
%
( 1
 92(+.H6[* S
N
9H-  S --L6&+- 1 /1fl25068-*'685 fi -P/06850.250,'-'*L&+-h*'6- KL6 101 ,-'.H68- *'&+6 1 685
%
5
P
68&)/
-'& DFE /%29H5450&).H&+654/ 3 6854*'68-
(
	
1f1 9H()( S
P
685 Y8, W &+-*'6 1 / S - E S -'*68&)-'6853*p6& 1 U&+68( W 6 101 ,'-'.l.H6TY68&+.B/ 3 650*'6- `>3 &)6
1
&
DFE 
(),'9H506
1
Y68-=Y68-
S
,= *'&)6lKL6Ta26850.26
P
-'&
101
6
S
,
143
&+5 26-
(ff4
,h*'&)6
1
6
W
4
3
6
D

3
,'5
W
*'6h*'685^
S21
65k68&)-
W]S
(
S
,=Z68&)-'65! T
W&
6
1
92-
S
-=Y
S
P
.H6
1
/:&
W W
/ ,'-'*m*
S21
	
50.H6
P
-'&
1
W
&S/<68&+-685iKL6
141
,'-'.A-6
P
68-U*'65

6
1
9H-
S
- Y
N
6850.2(+&
DFE
68-
(
%
(
1
KL6TaH9
P
46 P/c*&+68-P/06
68&+-6
N
9H50.H6
W
&
10DFE
/:6 T V
W
^,=?/
W
(
S W W
6
(@
65
%
,>=
P
S
,
3 S
5 &+*'6-\/0&
14DFE W
&S/b*'6
W
&)-
%QP
14DFE
-'&)/4/ R
( 7
P
6
10DFE
50&+6
P
6-'68-
(
%bP=P
&+()*','-'. R
(
 
Y86&+.2/n*'506&
N
65
14DFE
&+6*'68-'6eKL6
101
,-'.H68-&
W
*p6506&
DFE
68&)-'685

(
SXWkW
W
6-=G509H-P/
`
46
3
6&+(
1
M
P
685 Y86
E
- ^
S21
685
14DFE
M
101
6.26
W
&)/0/068(S/
(
*p68& *'65Z65
1
/068-CKj6
101
,'-'.
3
,'50*'6j*'&)6 ^
S21
685
3
6(+(+6-'(

-'.H6
3
&+6O&)-6(+*p549-,R7.
S
,=98;:-<;=;>ffi?
XA@CB
68&)-'.H6
1
/:6(+()/
(
*p68&
*'&+6
1
685

546	D\,'6-=Y
1
&)-'*
3
6*'685! T
W
-'9
DFE
!V
W&
6
1
92-
S
-=Y68- Y8, 65
3 S
54/068-
(
*p6&n*'65
Y
3
68&)/068- KL6
141
,'-.
3
,'54*'6<*'685 ^
S21
685
P
6
3
,=aB/
S
,=f68&)-'6E! T
W&
6
1
92-
S
-=Y .26=
S2E
5468-
(
*p68&q*'685 *'50&S/0/068-kKj6
101
,'-'.
1
/
S
-'*o*'685 ^
SB1
685
3
&+6*'685
S
,= *'65
%
,
1
.
S
-'.
143
68()(+6-'(

-.H6
(
	
1 3
,'*'6 46
3
6&+(
1
6&+-F*p&+()*
W
&)/
E
9250& Y9H-P/
S
()685 ,'-'*
W
&S/
N
685_/:& 
S
(+685^
S21
685VU79H(
S
50&
1 S
/0&+9H-
S
,=G.H6-'9
WW
6-
(n@
&+6ff$ 9H(
S
50&
1VS
/:&)9H-
1
P
&+()*'685
3
,50*'6-
P
6&>*'65
%
,
143
685_/:,'-'.
N
9H-'6&+-
S
-
W
*'685
S
P
.26TY892.H68-(HG[50MI,R7.
(
KL&S/Y*'&+6
1
6
W
\Y654=
S2E
5068-&
1
/Y6
1 W
flH.H(+&
DFEJ`
6&+-'6-
1
/1flH5468-'*68-
^2#
 
^#%$
 W%fi
-P/06850.250,'-'*Y8, 29H5450&).H&+65068-
`H3
6&+(^#
 
^#%$

&
W
G[68.268-
1VS
/ Y Y8,
bS W<W
S
-
1
/0506,','-'.
1
/
S
5" *'6 U92(
S
54&
1
&)685_/ &
1
/
(n@
685 \Y6854.H(+6&
DFE
Y
3
&
10DFE
6-KJMLNPOQSR/T7UWVffiUYXl,-'*
ZE[]\F^
T7_`Vffia
[
R	V
\b[
T7UcR	V-dSX	e;f 650(
S
,
P
/O*
S2E
685O6&+-'6 *&+506 P/
%
,
141 S
.H6
`
9
P
&+-J*685gJMLN
O&QSR/T7UWVffiUYX
W
Kj6
101
,'-'.68&)- ^#
 
^2#%$
 Whfi
-P/:650.H54,'-'*
N
9H5
E S
-'*68- &
1
/
(
\Y650.H()68&
DFE
/
W S
- *'&+6iJMLNPOQSR/T7UWVffiUYX
W
KL6
101
,-'.
W
&)/X*'685
ZE[]\^
T7_`Vffia
[
R	V
\b[
T7UcR	V-d	N
X	e;f
`Y1
9
1
/:6(+()/
W]S
- 26&+-'6
fi
-\/0685
10DFE
&)68*'6O=G6
1
/
(
# -A*'&+6
1
65

(
SXWW
68-
1
&)/:,
S
/:&)9H-C&
1
/
9ffij$6-
P
S
526&+- ^2#
 
^#%$

N
9H5
E S
-'*'68-
` 3
68-- *'65b^
S21
685^50&
DFE
/:&+.
S
P
.H6
1
/:&
W W
/a&
1
/
(
@
&)6AJffUCNPOQSR/T7UWVffiUYX
W
KL6
101
,'-'.]Y68&).2/e6&+-
1
/
S
5"26
1
%
-
1
/:6&+.H6-R*'65k# -P/:6-
1
&S/

/e&
W
*p685468&
DFE
*'685

(
SXW W
68->=G509H-P/k&)-
S
()(+6- Kj6Ta
S
-

(+68-
(U@
&)6  6
W
U65
S
/0,'5
`
*'&+6
S
,
1
*'6
W
&)-P/:68.25
S
()68-
 SXW]S
-
1
&).H-
S
(
P
6506
DFE
-'6/
3
,'54*'6
` 1
&)-ffiP/
E
&+-.H68.H6-
1
/
S
5"
S
Pml P
&
1
S
,=n<o:;:;piq
(
  
	   
7
%
, DFE 3 68-'- ^#   ^#%$ 
P
68&
%
- 3 68-'*,'-'.A*'65 S P/:,68(+()68-
%
, 1_3 654/:6509H,>/:&+-68-
&+.H-'9250&+654/ 3 &+50* `1 9k& 1 /g*68-'-'9 DFEDW fl2.H(+& DFE Y8,h65"26-'-'6- ` 9
P
68&)-D^2#   ^#%$  W%fi -P/0685 W
.H50,'-*
N
9H5 E S -'*'68-L& 1 /^,'-'*j9
P
*'&+6 KL6 101 ,-'.H68-
N
654/:5 S ,'6- 143 M'54*'&+. 1 &)-'*
(
  
	    
0 1 2 3 4
0
1
2
3
4
mm
m
m
N2
Neben und auf OH−Resonanz
O2
H2O
H2
T
Off−Resonanz On−Resonanz
mit 
Polarisationsabzug
%QP=P
&)(+*',-'. R
(ff
 
,
	
&+- ',=a
N
9H-

(),'9H506
1
Y68-=Y
S
,=k6&+-'6
N
9250.H6
W
&
10DFE
/:6 T V
W
^,=?/
W

(
SXWW
6
( @
685 ^
S21
65
3
,'50*'6b-'6
P
6-L,-'*
S
,= 68&+-685

W
^2#%$
 W
6
1
9H-
S
-=Y=G546	D\,'6-=Y
P
6#/:50&)6
P
68-
(4
,
1 
/ Y8()&
DFER3
,'54*'6k*
S21
$ 9H(
S
50&
1VS
/:&)9H-
1
N
685_=
S2E
5468-
S
-'.26
3
68-'*'6#/
`
,
W
Y,
M
P
65VU'54M=G68-
`
9
P
&+-J*685

j
W
6
1
9H-
S
-=Y
W
-q/:6(+(),'-'.
3
&)5"\(+&
DFE
268&)-'6

(),'9H506
1
Y68-=Y68-
N
9H5
E S
-'*'6-
1
&+-'*
(
  
	    
  )
  
  2
	g  
%
( 1 ()6/ Y#/:6fKL6 aH506& E 6 3 6854*'68- &)-[*'&+6 1 6 W  S U'&)/068(\KL6 101 ,'-'.H6- S -l68&)-'685/0,'5
P
,(+68-P/068-
' S2141 65 1 /09ffij   SXWW 6HU'5 21 6-P/:&+654/
(]@
685\Y65 1 , DFE'1 S ,=
P
S ,Q68-P/ 1 U'5 S2DFE3 &+6*'685 *6 W &)-
%QP=P
&)(+*',-'. R
(+* 7)(Q@
685
@
M 1 6-'*','5 DFE=W 6 101 685
P
6/050,'.: % = XZX ` *'&)6iKj6Ta E fl E 6QM
P
65
*'685
@
M 1 6 > XZX
(
 M'5X*&+6 1 6 $ 9 1 &)/0&+9H- 3 ,50*'6- KL6 101 ,'-'.H6-
P
68&nG S21 *','5 DFE   M 101 68-
N
9H- > % X ,'-'* ff X .H6 W S2DFE /
( @
&)6 1 & DFE /
P
S 546  ( SXWW 6-'.H5 fl aH6
P
6#/:54,'.
W :;:fi W : XZX
(
%
, DFEcE &)685 W ,=a
N
9H-c6&+-'6 W ^#  W& 6 E (+685Y&)-Q*'6-
	
& DFE=W 6 141 ,'-.H68- S , 1 .H6. S -'.H6-
3 650*'6-
(f@
S Y,Q*'&)6 1 685pKL6 141 ,'-'.o*'&+6
	
& DFE=W 6 141 ,'-.H68-c-\,'5]=GM'5f68&)-'6&$ 9H( S 50& 1 S /0&+9H- 1_W
50& DFE /0,'-'.
N
9H50()&+6.H68- ` 3 ,'54*'6i*'65  6 E (+65l-\,'5 S - E S -'* *'65 5468( S /:&
N
68- # -P/:6- 1 &S/  /068-
*'685 -fiU76TY8&)6 1 Y8,'6&+- S -'*'685 S
P
.26 10DFEffi / Y#/e,'-* ' S2101 685`*'6 14E S (
P
W &S/g68&)-'6 WS P/09H5

29H5450&+.2&+685_/
(
%bP=P
&+()*','-'. R
(
  Y68&+.B/ *'5468& Kj6 101 ,'-'.H6-<& W
	
&+-=Y68( 14DFE ,=a
P
6&>6&+-'6 W G S21 *','5 DFEqW
  ,=a
N
9H- >
% X `
%QP=P
&)(+*',-'. R
(
,U*'&+6A*
S
Y8,'.26
E
flH54&+.H6- -
D S
/4/:65VU'()92/
1
( @
&)6
S
5
P
1

S
(+68-
1
&+-*
3
&+6*'685
1
9A.H6
3 BE
()/
`
*
S
a46*'6 - U6 Y8&+6
1GW
flH.H(+&
DFE'1
/.H,>/c*
S
54.H6
W
1
/:6(+(S/
3
&)50*
(]@
,'5
DFE
*'&)6e.H5
S
,'68- -q/:54&
DFE
6Z&+-
%bP=P
&)(+*','-. R
(
  3
,'54*'68-O-9
DFE
6&+-
W S
(
# -\/068-
1
&)/

/
1
U'509flfi'(+6
N
9H-

<ffi:fl
X
*p506&)/06 .H6(+6.2/
(p@
&+6
1
6
3
650*'6-R&+-
%QP=P
&+(+*,'-'.]R
( 
.H6TY68&+.B/
(
@
&)6 *5068&nKL6
101
,-'.H68-C&)-
%bP=P
&+()*','-'.GR
(
 
Y68&+.268- *68,/0(+&
DFE
/:,'5
P
,'()68-P/:6 -q/:54,ffi
W
/:,'5468-
(Y@
&)6

9H-P/:,'5468-
1
&+-'*
SXW
P
6
1
/068-c&
W
T V
W
*p&)(+*
S
,
1
.H6TU'5

.2/
( 	
1dE S
-'*68()/
1
&
DFE
E
&+65
E S
,=U/
1 2DFE
(+&
DFE
,
W
-9
DFE
,'-
N
65
P
5
S
-'-P/:6
1 
50&
14DFE
.
S21
(
@
&)6.-
D S
/4/:65VU'()92/
1
&+-
%bP=P
&+()*','-'. R
(
, Y86&+.H6- *'6- \Y650.H()68&
DFE
*'65iKj6Ta
3
685_/:6
W
&S/Y*'506&
N
685
10DFE
&)68*'6-'68-
E
69H50&)6 \,'5
N
68-
(
'
&)6^&+-
%QP
14DFE
-'&)/4/HR
(
R
1
&)-'*Q*&+6

,'5
N
68-
=GM'5YKL&
10DFE
,'-'.[9
E
-'6

6
S
P/:&)9H-
`
=GM'5
S
*&
S
P
S
/:&
14DFE
6 \Y65
P
5468-'-\,'-.l,-'* =GM'5n6&+-'6gKL6
1 W
1
,'-'.
W
&S/ ^ ,>=?/
P
68&
W
&
14DFE
,'-'.l68&+-.H6TY68&
DFE
-'6/
(Y@
&+6

,'5
N
6Z=GM'5f*'&+6 ^,=?/
P
6&
W
&
10DFE
,'-.
1
&
W
,'(+&)6854/
`
*
S
ak&+-46*'6
W
KL6Ta U,'-ffiP/k<ffi:
  bS
,
W
(),=?/
W
&)/0.H6
W
6
141
6-
3
650*'6-
(p@
&+6
W
1
6

,'5
N
6
1
/:&
W W
/
E
685
N
9H545
S
.268-'*
W
&S/ *'6-UKj6Ta
3
685_/:68- M
P
68506&+-
( @
S
5
S
,
1
=G9H(+.B/
`
*
S
aR*
SB1
^
S21
65
10E
686/ *'68,/0(+&
DFE
P
506&)/0685o&
1
/
S
(
1
*'&+6

(
S W W
68-
1
/:54,ffiP/:,'5468- ,-'*A*'&+6
	
54.H6
P
-'&
141
6*'6
14E S
(
P
N
9H- *'65
E
689H54&+6 \,'5
N
6=GM'5b*'&+6
S
*&
S
P
S
/:&
14DFE
6 \Y685
P
506-'-\,'-'.
S
P
3
6&
DFE
6-
(
->9
3
9
E
( *'&+6
%QP P
&+()*','-'.
S
(
1bS
,
DFE
*'&+6 -
DTS
/0/0685VU(+92/
1
Y86&+.H6-
3
&)68*'65Z*
SB1e1
/
S
5"B6
bS
,
10DFE
6- &
W
-
S
,'65
1
/:9ffij 
S
-
S
(
(L@
&+6
 S
-

(+6*'685
S
-'*'6506- -fiU6 Y8&)6
1
()&+6#=G6850-T.H,/06
Dq,
S
-P/:&)/
S
/:&
N
6
	
50.H6
P
-'&
101
6
(
# -
%bP=P
&)(+*','-. R
(  R
3
,'54*'6g*'65 G
S21
*',5
DFE
  , al*,'5
DFE
*'6- *p506-'-'65
S
,=ffi
ff X
.H6
1
/:68&).H685_/
(e@
S
*','5
DFE 1
9H()()/06
1
&
DFE
*'65 ^&)=?/
W

j
W
*p65068&
DFE
*685

(
SXWW
6
N
6854.H5fl a26850-
(
	
1
&
1
/
W
6
E
5`,'-
N
65
P
5
S
-'-P/:6
1
G
S21
Y8,R65
3 S
54/068-
(
'
&+6*'685
1
&)-'*
P
6
1
9H-'*'65
1
&
W
T V
W
 S
-
S
(f*'68,/0(+&
DFE
6i/:,5
P
,'()68-P/:6 -q/:54,ffiP/:,'5468-[Y8,A65"26-'-'6-
( @
685E!V
W S
-
S
(Y&
1
/
3
&)6
.H6
E S
P
/
1
/
S
5 
N
68545
S
,
14DFE
/
(
%
,
DFE
&
W
 6
W
U7685
S
/:,'5
P
&+()*Q&
1
/ 26&+-'6Z68&+-*'68,/0&+.H6
	
5
E
fl
W
E
,-'.
S
-L6&+-'65 -q/:6(+(+6 Y,L65"B68-'-'6-
`71
9H-'*6850-j-\,'5^68&)-L.H()68&
DFE=W
aH&+.H6
1  S
,
14DFE
68-
(
@
65_\Y6854.H(+6&
DFE W
&)/L*'68- -
D S
/4/:685 U'(+9B/
1
&)-
%QP=P
&+(+*,'-'. R
( #*
Y68&).2/
`
*
S
a
S
()(+6
  
	    ,
$Y,-ffiP/:6h/ S / 1 2DFE ()& DFE[S -m*'6-  ,5
N
6- =GM5k,'-
N
685
P
5 S -'-P/:6 1 G[6 W & 10DFE ()&+6.H68-
(T@
&)6
\Y685
P
5068--q,-'.
P
6.H&+-'-P/ S ( 1 9 685 1 /k9
P
65 E S (
P
*'6 1 KL6 a
P
6506& DFE'1
(
 S / 1 2DFE (+& DFE .H&
P
/
6 1 & W T V1! W
@
& S .H5 SXWW 68&)-'&+.26 $],'- \/06
P
68&f68&+-6 W KL& 14DFE ,'-'. 1
P
50, DFE
N
92-
R
`
R R#*
`
*'&+6 S ,= 68&)-'6
P
68.H&)-'-'68-*'6 \Y65
P
5468-'-\,'-. E &)- 3 68& 1 6-
(
*p686&+-'*'54, D 26-'*R& 1 / S , DFE *'&+6
E 685
N
9H545 S .H6-'*'6 
P
685468&+- 1 /:& W W ,'-'.k*'65T V WP' 654/06 W &)/a*'685 E 69H50&)6 \,'5
N
6
(
@
&)6
%bP=P
&)(+*','-.H68- R
( 
,'-* R
(  
Y68&).H68- # -\/068- 1 &)/  / 1 U'509flfi'(+6 ` *'&+6h*','5 DFE *'&+6
P
6&+*'6-
N
9H5 E 6854&+.H6-hKL6 101 ,-'.H68-h.H6(+6.2/ 3 ,50*'6-
(f@
&+6k$Y549flfi ()6Z*'65 -fiU76TY&+6 1f3 ,'50*68-
3 &+6 &)-
%bP
10DFE -&)/0/
&( 7
P
6 10DFE 50&+6
P
6- S ,=  68&)-'. S21 6L-'925 W &+685_/,'-'* Y,'5
P
6 141 685468-
@
S 5 1 /:6(+(+,-'. W &S/
*SR R R
W ,'()/0& U'()& Y8&)685_/
(
%bP=P
&+()*','-'. R
( 
Y86&+.2/n68&)-'6p/ ' U'& 14DFE 6 \Y685
P
506-'-\,'-'. 141 &S/:, S /0&+9H-
( @
&)6 E 9 E 6  9H- W
Y868-P/05 S /0&+9H-
N
92- T V S ,=d*'685b(+&)-ffi26- ->68&S/:6
P
68&]*'65

5_/ 1 U9 1 &)/0&+9H- WYXZX 3 6& 1 / S ,=
N
&)68(Y,'-
N
65
P
5 S -'-P/:6 1 50& 14DFE . S21bE &)-
(
\Y654=G9H().2/ W]S - *&+6 $Y549flfi ()6&)-T546 DFE /:65  & DFE>W
/:,'-'. `a1 9 -'& WW /<*'&)6 T V W& 92-=Y86-\/05 S /0&+9H-m*'5 S21 /0& 14DFE S
P
` *'&+6 6 W U65 S /0,'5 1 /:6&+.2/
N
9H-g8-:;:;p S ,>= ffi:;:;p
(T@
&+6ZT V ! W ,'-'*g!V W 9H- Y868-P/05 S /0&+9H-'6- 1 /:6&+.H6-A6
P
68-= S (+( 1
S
-
`'3
9
P
6&*'685
%
-
1
/0&+68.*'6
1
!V`9ffij68-
P
S
5g6&+- KL6TaB=G6
E
()685g&
1
/
(
%bP=P
&+()*','-'.ZR
( 
Y86&+.2/f*'&)6&# -P/068-
1
&)/

/
1
U509flfi ()6g=GM'5d*&+6 Y
3
68&S/:6eKL6Ta
1
&)/0,
S
/:&)9H-
`
&)-
*'685#B68&+-6]\Y685
P
506-'-\,'-'.
1
/
S
/0/4=
S
-'*
(C@
&)6  6
W
U65
S
/0,'5o()&+68.B/o,
W
*'&)6 8-:;:;p ,-'*
Y868&).2/ B68&)-'6

9H505468(
S
/:&+92-
W
&)/f*'6
W
Kj&
10DFE
,'-.
1
P
54,
DFE
(d@
685 6
W
U7685
S
/:,'5
3
654/
S
-'-
S
,=

6
1
/
3
5
W
6Q9>*'65o6&+-'6-
1 'q1
/06
W S
/:&
10DFE
6-

6
E
()685 Y8,'54M
D
 Y8,=GM
E
5068-
1
6&+-
(L@
&)6
$Y549flfi ()6 Y68&).H68-m*'&)6h/0,'5
P
,'(+6-\/068- -q/:54,ffiP/:,'5468-
`
*'&+6
14DFE
9H- &)-
%QP=P
&)(+*',-'. R
( +R
Y,
1
6
E
68-
1
&+-'*
(
*p6
W
685 268-
143
6854/c&
1
/*'&)6
	
&)-
P
,
DFE
/:,'-. &+- *'685 T V
W
# -P/068-
1
&)/

/
`
*'&)6
`
3
&+6e&
W
\Y6854.H(+6&
DFE]W
&)/
%bP=P
&+()*','-'. R
(  R
Y,c685 268--'68-h&
1
/
`
*'68- # -'-'68-
P
685468&
DFE
6&+-'6
1
'
&+5
P
68(
1
Y86&+.2/
(
%
,
DFE
*'&+6
1
6lKL6
101
,-'.H68-
E S
P
68-
P
6
1
/

/:&).2/
`
*
S
ak*
S21
2@
WbSXW S
-
1('q1
/:6
W
D\,
S
-
W
/:&)/
S
/:&
N
6
	
50.26
P
-'&
101
6l()&+6#=G6854/
`1
68(
P
1
/`&+-O/:,5
P
,'()68-P/:6- \Y65
P
5468-'-\,'-'.
101
&S/:,
S
/:&+92-'68-
(
  
	   
R
0 1 2 3 4
0
1
2
3
4
mm
m
m
N2
Turbulente Flamme
O2
H2O
H2
T
Bild 1 Bild 2 Bild 3
%QP P
&+()*','-'. R
(
 
,
 ,'5
P
,'(+6-\/06 T V
W
(
S W W
6
`
46
3
68&)(
1
*'5468&2*p&)(+*'65a&
W
	
&)-=Y86(
14DFE
, a
  
	   
*
      	  
 
  
 

  
 
  
      	   
  
  
   
  
   
  
      	  
 
  
  
  
  
 

      	  
 
  
  
  
  
 

      	  
 
  
 

  
 
  
fiffflffi fi!"#flff
$ %
&'
%(
)
* +(
,-.
/ 0
1
%
2
3
(
+
4
5
fiffflffi fi!"#flff
/ 0
1
%
2
3
(
+
4
5
fiffflffi fi!"#flff fiffflffi fi!"#flff
/ 0
1
%
2
3
(
+
4
5
/ 0
1
%
2
3
(
+
4
5
fiffflffi fi!"#flff
66 77
88
77
99
77 66
99
77
:;

:
!
:=<
fiff >@?A >fiff >BCDfiff
<
fiffflffi=FEff=ffi>HGI>
:KJL<
EKffi
:;

:
!
:=<
fiff >@?A >fiff >BCDfiff
<
M

<	N
flO
<
! >
M
fiffflffi=
%QP=P
&)(+*',-'. R
(
,
,
-
D S
/0/:65VU'()92/
1
*685n/0,'5
P
,(+68-P/068- T V
W&
(
SXW W
6
`
46
3
6&+(
1
*5068&I*p&+()*'685
&
W
	
&)-=Y86(
10DFE
,=a
(i@
&)6<*','5
DFE
.H6TY9H.H68-6]^&+-&+6k68-P/
1
U'54&
DFE
/
S
*'&
S
P
S
/:&
10DFE
65 \Y685
P
5068-
W
-q,-'.
` 3
6-'- &
W
Kj6Ta
N
9H(+,
W
68-
+RP
fibW
.H6
P
,'-'.
1
(+,=?/^6-\/
E S
(S/:68-
1
&)-'*
(
  
	   

0 1 2 3 4
0
1
2
3
4
mm
m
m
N2
Turbulente Flamme
O2
H2O
H2
T
Bild 1 Bild 2 Bild 3
%QP=P
&)(+*',-'. R
( +R
,
 ,5
P
,'()68-P/:6 T V
W
(
SXWW
6
`
46
3
68&+(
1
*'506&2*p&+()*'685p&
W
	
&)-=Y86(
10DFE
,=a
(
@
&+6aKL6
141
,'-'.268-
3
,'54*'68-k&
W 
54&
14DFE
.
S21
P
65068&
DFE S
,>=G.H68-'9
W W
68-
`
&+- *'6
W
-'9
DFE
B68&)-'6
\Y685
P
5068--q,-'.
1
/
S
/4/"fi -'*6/
(
  
	   

      	  
 
  
 

  
 
  
      	  
 
  
  
  
  
 

      	  
 
  
  
  
  
 

      	  
 
  
 

  
 
  
      	   
  
  
   
  
   
  
fiffflffi fi!"#flff
$ %
&'
%(
)
* +(
,-.
/ 0
1
%
2
3
(
+
4
5
fiffflffi fi!"#flff
/ 0
1
%
2
3
(
+
4
5
fiffflffi fi!"#flff fiffflffi fi!"#flff
/ 0
1
%
2
3
(
+
4
5
/ 0
1
%
2
3
(
+
4
5
fiffflffi fi!"#flff
66 77
88
77
99
77 66
99
77
:;

:
!
:=<
fiff >@?A >fiff >B@fiff
<
fiffflffi DCff=ffiE>GFH>
:JIK<
CLffi
MQP=P=NOQP=R S=T
R
( #*
,
-fiU
SWVXVXY[Z
U
OQ\
VX]
Y
R
Z^V
R
Z
P=R=O
Y
S
V_Y
T VX`

O
S W WY S
R
]
MbP=P=NOQP=R=S T
R
(  R#(
a
N
Y
$
OQ\
VX]
P
Y
O
Y
T
Y
S
`
P
S
a
Yb]c]
N
Ued
R
W
P
Y
S
EZ
N
]
Ued
T
Sf]
P
Y[ZgY
N
Uedhd
S
S P
Y
O
V `
NQSP
YTW
S=\
Ued

Y
NS
Y
\
Y[Z
P
ZXY
S SiR S=T
]jV SWVgV
fi
S=P
YbV
(
  
	   

     
  
  
  
  
	  




 ff
fifl
ffffi
 
ff
!"
ff#

 $
#
%&'
(( ))
** ))



))
((
))



++
MQP=P=NOQP=R S=T
R
( 
,
$
Z
\
fi
O
Y
Y
R P
Y
S
*
NQOP
Y[Z
S
S
R
]
MbP=P=NOQP=R=S T
R
(
 
(
a
N
Y
$
Z
\
fi
O
Y
P
YbZ
-fiU
Y
Y
N
Y[]-,
R
Z
P
Y
S
,
N
Y
NS MQP
]
Ued
S=N
VgV
&( 7
P
Y[]
Ued
Z
N
Y
P
Y
S
S
R/.
 Y
NQS T
Sf]XY
S \
ZVW
N
YbZgV
R S=P
Y
R
Z
P
Y[]X]gY[ZgY
S
a SWZX]gVXY
OOQR=S=T
W
N
V
*SR R R
W
R=O
V
N
U
OQN
Y
N
YbZgV
(
  
	    R
     
  
  
  
  
  
	  

  
  


ff
fi fl
ffi
fl! 
"
fl
#$
fl%

fi &
%
'()
** ++
,,
++

++
**
++

--
MQP=P=NOQP=R S=T
R/.
 10
$
Z
\
fi
O
Y
Y
R P
Y
S
*
NQOP
Y[Z
S
S
R
]
MbP=P=NOQP=R=S T
R/.
 R
.
a
N
Y
$
Z
\
fi
O
Y
P
YbZ
2
U
Y
Y
N
Y[]-,
R
Z
P
Y
S
,
N
Y
NS MQP
]
Ued
S=N
VgV

.
7
P
Y[]
Ued
Z
N
Y
P
Y
S
S
R/.
 Y
NQS T
Sf]XY
S \
ZVW
N
YbZgV
R S=P
Y
R
Z
P
Y[]X]gY[ZgY
S
a SWZX]gVXY
OOQR=S=T
W
N
V3
R R R
W
R=O
V
N
U
OQN
Y
N
YbZgV
.
  	
 
      ff
fififlffi
a
N
Y! #"%$&"
S
$Y('WV_Y Ued
S=N*)GT
Y dIfl ZjV+$
N
V-,
R P
Y
S
,
N
Ued V
NQT
]gV_Y
S/.
Y V d
\iP
Y
S N
$ * YbZXY
N
Ued
P
Y[Z10
O
"2$&$Y
S/. \
ZX]
Ued
R=S T
. #
$3 4"
d
$Y
S P=N
Y[]XYbZ
M
Z65Y
N
V
N
]gV	Y[]
T
Y
OR=S=T
Y
S87 P=N
Yb]XY:9 Y
Uedfi`
S=N*);f\ S P
Y[ZDY
NS=P=N
$ Y
S
]
N\ S
"
O
Y
S<.
Yb]X]
R=S=T
Y
S
V
O
"
S=T
Y
NQS
Y[Z>=
NQS=N
Y/"
R/. P=N
Y/, , Y
N
VXY
a
N
$Y
S
]
NQ\ S
,
R
Y[Z ,cY
N
V_YbZ
S
.
a+"%5Y
N N
]jV Y[] , Y
N
V_Y[Z
d
NQS
$
fl
T ON
Ued
7 P=N
Y ,
N
Ued
V
NT
Y
S
#
S
`
. \
Z6$&"WV
N\ S
Y
S
5Y[Z@?
d
Z
R=S=T
]
OQ\
]
R=S=P
]
N
$
R=O
VA"
S
$
N
V Y
NS
Y($ Y
NQS
,
NQT
Y
S
=B"W]XY[Zg]
Ued
R
',
R
Y[Z
.
"W]X]XY
S
.
a+"W]hY
S
V ,
N
U
)
Y
O
V_Y
.
Y(' ]DCfi]jV_YE$
;
YbZXY
NQS=NT
V
P N
Y	5Y
)
"
S=S
V_Y
SGF \
ZgVXY
NQO
Y
P
Y[Z Y
NQS P=N
`
$ Y
S
]
N\ S
"
O
Y
S
 #"2$H"
S
$ YE'fV_Y
Ued
S=N*)
$
N
V
S
Y
R
Y
SI
a
`KJ
NT
Y
S
]
Ued
"
.
VXY
S
0
3
.
a
N
YML
\ S
,bY
S
V_Z6"WV
N\ S
Y
S;f\ S
!V
7ON
V
7
T V1!
R=S=P
T V
)
fl
S S
Y
S
5YbZ6?
d
Z
R=S=T
]
OQ\
]
R=S=P
 QPfUed
NT NQS
Y
NS
Y[Z40
O
"%$&$Y
T
Y($Y[]X]gY
S
,cYbZ
P
Y
S
.
I
.
M R
]
P
Y
S
 4"%$&"
S=NQS
VXY
S
]
N
V
P
V_Y
S
"
OO
YbZ
2SR
Y(,
N
Y[]
O
P
'fVH]
N
Ued
P N
YT9 YE$
R
Y[Z6"WV
R
ZU5Y
`
ZXY
Ued
S
Y
S
.
V
.
4
R
Z
2
NQTfS
"
O
YbZ6,bY
R=T R S=T
,
N
Z
P
Y
NS
=O"f]gY[Z
N
$
R=O
VXZA"
;iNQ\ O
YbVXVXY
S
2SR
Y
)
VXZA"
O
5YbZXY
N
Ued
Y
NS=T
Y[]gYbV6,bV
.
aW"f]
N
]jVX5Y[]
\ S=P
YbZX] Y
j
Y
)
V
NY;7
,cY
NQO P
"f]Z 4"%$&"
S
]
NT S
"
O
$
N
V
P
YbZ
;iN
Y[ZjV_Y
S
$
\
V_Y
S
,
P
Y[Z40EZXY
D
R
Y
S
, ]
)
"
OQN
Y[ZjV
.
[
.
M OO
Y
#
S/. \
Z6$&"WV
N\ S
Y
S
,cYbZ
P
Y
S
]
N
$
R=O
V\"
S
"
R
] Y
NQS
Y[Z
.
Yb]X]
R S=T
$
N
VcY
NQS
Y($ Y
NQS
`
,
NT
Y
S
=B"W]XY[Zg]
Ued
R
'
T
Y ,
\fS=S
Y
S]7
"
O
]
\NQS
Y
NS
Y($
4
Y
N
V_Z6"
R
$
;f\ S S R
Z 3_^a`#"
S=\
`
]XY
)iR S=P
Y
S
.
2
V_Z
fl
$
R=S=T
Y
S/)
fl
S S
Y
S
]
N
Ued
S=N
Ued
V
;
Y[Z
.
P
O
]
Ued
Y
S P
"
R .cP=N
Y
.
YE' Y[Z
`
T
Y(5
S=N
]g]XYb"
R
] ,
N
Z
)
Y
S
.
^
.
0c?=Z
P=N
Y
F
YbZX]gV
P
Z
) R=S T P
Y[ZH=O"f]XYbZ
NQS
VXY
S
]
N
V
P
V
N
$
.
YE'
; \ OR
$Y
S
,
R
Z
P
Y Y
NQS
Y
. R=O
V
N
R
"f]X]@,[Y
OO
Y Y
S
V ,
N
U
)
Y
O
V
7=P N
Y Y[]cYbZ6$
fl
T ON
Ued
V
7
Y
NQS
YW0
O
PfUed
Y#$
N
V Y
NQS
YE$ Y
NQS
`
,
NT
Y
S . \d) R
]X]
N
Y[ZjV_Y
S
=B"W]XY[Zg]gVXZA"
d
O
"%5e,
R
ZA"W]gV_YbZ
S
.
a
N
Y[]XY
4
Y
OO
Y
d
"WV ]
N
Ued
NQS
, ,
N
`
]
Ued
Y
S
"
R
Ued
NQS
Y
NQS
YbZ
S
Y
R
"WZgV
NT
Y
Sf. R O
V
N
`
3 a
`
.
YE'fV_Y
Ued
S=N*)
5Y ,
PWd
ZgV
.
 
7
  
	   ( 	.  
 O   	 @   
a YbZ
2 Ued Z
N
VXV
;f\ S P
Y[Z Y[Zg]gVXY
SNQS P=N
Y , , Y
N
VXY a
N
$Y
S
]
NQ\ S N
]gV Y
NQS P
Y
R
V
OQN
Ued Y[Z 0
\
ZjV `
] Ued Z
N
VXV
N
$ * Y[ZXY
N
Ued
P
Y[ZX0
O
"%$a$ Y
S=P=N
"
T S=\
]jV
NY)
.aJ ]
)
fl
S=S
Y
S S=N
Ued V
SiR
Z
NS=S
Y[Z d "
O
5
)iR
Z6,[YbZ
4
Y
N
V
R=S=T O
Y
N
Ued $Y d Z
.
Y('
R R=Se)
V_Y
P
YbVXY
)
V
N
Y[ZjV , Y[Z
P
Y
S87
]
\ S=P
Y[Z
ShN
$ * YbZXY
N
Ued
P
Y[Z V
R
Z65
R O
Y
S
VXY
S
0
O
"%$&$Y
S
, Y[Z
P
Y
S
"
R
Ued"#
S/. \
Z@$H" V
NQ\fS
Y
S
?e5YbZ
P
Y
SF
YbZ
O
"
R/. P
YbZ
2
V_Z fl $
R=S=T
]
N
Ued VA5 "WZ .
a
N
YT, , Y
NQP N
$Y
S
]
NQ\ S
"
O
Y
.
YE'fV_Y Ued
S=N*)
$
R
'fV_YgY
P=\
Ued $
N
V Y
NS
Y($ ZgY
O
" V
NY;
d
\
d Y
S
Y
R
YbZ
N
$ Y
S
VXY
OO
Y
S M R/.
, "
S=P
5YE, " d
O
V,cYbZ
P
Y
S87cP
Y[Z
NQS P
YbZ
4
Re) R=S/.
V
S=\
Ued YbV
ON
Ued Y
F
Y[Z65Y[]g]XYbZ
R=S=T
Y
S R=S=P
J Z , Y
N
VXY[Z
R=S=T
Y
S P
Y
Se)
5 "fZ ,cYbZ
P
Y
S O
P 'fV . a+"f]
2
Cfi]jV_YE$ ]XY
O
5=]jV
O
P 'fV ]
N
Ued "%$ 5Yb]gVXY
S NSff;iN
Y
O
Y
S
a Y V\"
NO
]
\ R
V
N
$
N
YbZXY
S87fiP N
Y ,
R
$gYbV6,
NT
Y
S
4
Y
N
V
R R Se)
V
"%5YbZ
P=R
Z Ued
P
Y
S 2
VA"
S=PDP
Y[Z-9	Y Ued
S N*) .
Y[]jV
T
Y
O
Y
T
V ]
NS=P
.
3 . a
N
Y
. R=O
V
N R
"f]X]@,[Y
OQO
Y
;
Y[ZX]6"
T
V
R=S
V_Y[Z#$H"
S
Ued Y
S
0
O
"%$a$Y
S
5Y
P=NQS T R=S=T
Y
S
. a+"W]
=O"f]XYbZX] d Y[YbVW5
O
Y
N
5 V
S=N
Ued V ]gVA"%5
NQO
. a
N
Y ZgY
O
"WV
N ;GT
Z
\
' Y * ZgY
N
VXY
P
Y[]#=O"f]XYbZX] d Y[Y V_]
;
YbZ
.
P
O
] Ued V
P=N
Y D
R
"
S
V
N
VA"WV
N ;
Y
S
J Z
T
YE5
S=N
]X]XY .3* Y
N .
Yb]X]
R S=T
Y
S N
$

\
Ued
P
Z
R
U
)
`
5YbZXY
N
Ued
7
,
.H* .
NQS M R
V
\
$
\
5
NO
$
\
V
\
ZgY
S87
]
NQS=P P=N
Y
2
NQTfS
"
OY;
Y[Z
d P
O
V
S=N
]g]XY/"25YbZ
Y[Z
d
Y(5
ON
Ued
5Y[]g]XY[Z
7
]
\ P
"2'
d
N
YbZ , "
d
ZX]
Ued
Y
NS=OQN
Ued
"
R/.P=N
Y
4
Y
OO
Y
;
YbZ6,
N
Ued
V_YbV , Y[Z
`
P
Y
S )
"
S=S
.
a
N
Y
J
NQS
`
R=S=P M R
]jV_Z
N
VXVX]
.
Y
S
]gV_YbZ Y
NQS
Yb]
. \
V
\
ZX]
O
"W]X]XY
S
"
R
Ued
SiR
Z
,cY
S=NQT
Y
$
"W]X]XYb]Z,
R
.
` Y
R
Y=O"f]XYbZ
T
Y
S
Y[Z6"WV
N\ S
Y
S
,cYbZ
P
Y
S P=N
Y
. R=O
V
N
R
"f]X]@,[Y
OQO
Y
NQS
4
Re) R=S/.
V4?e5Y[Z
 
?=]g]
NQT
$&"
Ued
Y
S
.
I
.
a+"f]
 
5Y[ZX]
R
ZXY
Ued
Y
S
, ,
N
]
Ued
Y
S P
Y
S
a Y V_Y
)
V
NQ\ S
]
)
"
S
P
O
Y
S
]jV_Y
OO
V Y
NQS
YbZ
S
]jV
d
"
.
`
V_Yb]
$
Z
\
5
O
Y($
P
"fZ
7
,cY
NQO
Y
NQS>.
Y('
.
Y
d
O
YbZ
NQS
Y
NQS
YE$ LT"
S
"
OLP=R
Z
Ued
P=N
Y
M R
] , Y[Z
`
V
R=S T
"
R
V
\
$H"WV
N
]
Ued
"
R/.
"
S P
Y[ZgY>L "
S
P
O
Ya?e5Y[ZjV_ZA"
T
Y
S
,
N
Z
P
. J
NQS
]
R
Y(,
N
Y
OO
Y[Z
9:C
R
; \ S
#
S
V_Y[Z
.
Y[ZgY
S
,
O
VXY[Z
S
$
N
V
d
\
d
Y[ZT9 Z6"
S
]@$
N
]X]
N\ S/)
fl
S=S
V_Y
P=N
Yb]XY[]
$
Z
\
`
5
O
YE$
;
YbZ6$Y
NP
Y
S87
,
P
ZgYgY
P=\
Ued
$
N
VHYbZ
d
YE5
OQN
Ued
Y
S .
Y
d
Z
)W\
]gVXY
S ;
Y[Z65
R=S=P
Y
S
.
V
.
a
R
Z
Ued
P=N
Y
P
Y[Z@,[Y
N
V
NT
YH0EYbZgV
NT R=S=T
]gV
\fO
Y[Z6"
S
,
P
YbZ
;
YbZ , Y
S=P
YbV_Y
S
LT"
S
VXY
S

O
V_YbZ
N
]jV Y
NQS
]XY
d
Z
d
\
d
YbZ
R
]gV
N
Y[Z6"
R/.
, "
S=P
Y[Z
. \
Z
P
YbZ
OQN
Ued
7=P
YbZ Y
NQS
Y
S
]
Ued
S
Y
OQO
Y
S
$
\
`
5
NQO
Y
S
J
NQS
]6"WVA,
P
Y[]
.
Y(' ]DCi]gV_YE$ ]
;
YbZ
d
NS=P
YbZgV
.
a+"
S
Y(5Y
S
]
NQS=P S=\
Ued
)f\fS
,[Y
R
V
N\ S
Y
OO
Y
J
Z , Y
N
V_Y[Z
R=S=T
Y
S P
Y
Se)
5 "fZ
7fP=N
Y
P
Y
S
4
R=T
Z
N
j
"
R/.
, Y
N
V_YbZXY
#
S/. \
Z@$H"WV
NQ\ S
Y
S
Y[Z
O
"
R
5Y
S
.
3
.
. N
V6$ Yb]X]gY
S P
YbZ+, , Y
N
V_Y
S
$
\ O
"fZ
N
]6"WV
N\ S
]
)W\
$
R
\ S
Y
S
V_Y
NQS
"
OQO
Y
S/.
YE'
)
"
S
P
O
Y
S
.
. N
V
P=N
Yb]XY[Z
#
S . \
Z6$&"WV
N\ S)
fl
S=S
V_Y
S
]jV
fl
ZgY
S=P
Ya0
OR=\
ZgY[]6,bY
S
,bY
S
5Yb]XY
N
V
NT
V , Y[Z
`
P
Y
S
.
I
.
a
N
Y
.
Yb]X]
R S=T P
Y[]  #" C
O
Y
NQT
d
]
NQTfS
"
O
] ,-? Z
P
Y ,
R
Y
NQS
YbZ YbZ
d
YE5
OQN
Ued
5Y[]g]XY[ZgY
S
9 YE$
R
Y[Z6"WV
R
Z65Y[]gV
N
$a$
R=S=T .
?
d
ZXY
S
.
V
.
. N
V

NQO .
Y@Y
NS
Y[ZTLT"%$Y[Z6"
7JP=N
YZ, , Y
N
*
NOQP
YbZ
NQS
]
Ued
S
Y
OQO
YbZT0
\ OQT
YX"
R/. S
Y
d
$ Y
S
)
"
S=S87fiOQN
YE' Y
S
]
N
Ued
Y "
)
V_Y
#
S/. \
Z6$&"WV
N\ S
Y
S
?e5Y[Z
P N
Y
2
V_Z
fl
$
R=S=T NS
V
R
Z65
R=O
Y
S
`
V_Y
S
0
O
"%$a$ Y
SGT
Y ,
NS=S
Y
S
.
  
	   ( 	.  
 O   	 @    
M S
d "
S=P P
YbZ "
R/. T
Y
.
? d ZjV_Y
S
$
R=Se)
V_Y-,
N
Z
P P
Y
R
V
ON
Ued
7P
"2'
P
"f] Y
S
V ,
N
U
)
Y
O
V_Y
.
Y(' `
]@Ci]gVXY($
S R
Z
P
"f] YbZX]gVXY Y
NQS
Y[Z
S
Y
R
Y
S
G Y
S
Y[Z6"WV
N\ S; \fS
 4"%$&"
S=P
Y V_Y
)
V
\
ZXY
S N
]gV .XJ ]
5
O
Y
N
5 V4"
O
]
\
]
R
"
S=S
Y
S=P
.
  	f f  fifl
	fi
(
M O
,;,o.
.
.
M OQP
Y
S87
V7R/Q akRCQ
\
a1T/RST
[

\
QYU
[
eCQSR T7aST
Z
d	e-R
\ [
T7U
[
V/fffiUMT7N
R
\b[
SR .ff

.
* fi
2
9
2  # 9 Jfi

`

= 3 [
,
0
l
3 `
7
q 3 ,;,;,1.
(
M S=P
,
R
. $ Y V_YbZ
M S=P
ZgY[]XY
S87
G .
.
Y
N
gY[Z
7

. 2 Ued
O
? VXY[Z
7

.
F \ T
Y[]
7LM
. L
\
Ued
7
' .

Y
S
V_] Ued Y
O 7
' .

R R
YbZ6$&"
S=S87
J .  
\
V d Y
7fl
_ eCT7a1QSRSQ UffiSQ 
Z
V/f
[
UYf
[
UCN
R
[
YQ VffiU
[
U
\
Q a UWVffi_fiST
Z
d	e
\ [
T7UgQ UYf
[
UMQEe-R
[
UYf
\
eYUWV-d	_ Q Q"!#
[]Z
Q a_`V7R/Q a1R .
M
R R
OQN
Y
P

R
V
N
U
]
I
,
0
I
V
,
I
`
I
[
R
[
7
3
,;,
R
.
(+*
"WZ  
,o.
 
.
2
.3*
"WZ
OQ\
,
7
 
.
'
.
a
N
5e5
O
Y
7
 
.+$ .
=
R
Ued
V
7%$
[]Z
eY_
\
VffiUMQST7e R
Z
QV7R eYa1Q N
Z
Q U
\
T& OffV
Z
VffiU RV
\b\
Q a
[
UYf VffiUff _`V7R/Q a
[
Uffffie'SQ( J*),+ e T7a1QSRSQ UffiSQ
[
U
UMT7U-Wa1Q
ZE[
! Q(
\
eYa	d	eY_ Q U
\/.
Q
\
+ V
Z
QSR
7

R
V
N
U
]M=Y VXV_YbZX]
F \ O
3
[
7
`
\
^
7
I
7dV
7
3
,
 
,/.
(+*
"W]
,
V
.
0
.
2
Ued P
.
YbZ
7
 
.
;
"
S
*
"f]g]
d
R
Ci]XY
S870$
cV17R
\
T%La1Q(ffieffiX
[
Q a eYUYfEe Uff32 aV"
\
N
R
\
T%L54ffiQ a	d	a Vffie674ffiT7U
^
298N;:WQ a d	a1Q UCUCe UYf7R
Z
T
\
T7a1Q U
7
2SR
Z
NS=T
YbZ
`
F
YbZ
O
"
Te7
'
N
Y
S
3
,;,
V
.
(+*
YbZ
,
 
.
F
.ff*
Y[Z
T
$H"
S=S87
'
.
.
Y
N
Y[Z
7
a
.
'
\fO
j
7
'
.
2
VXZ
N
U
)
Y[Z
7=<
1W_
[
V
\ [
T7U T&
RCT7U
\
VffiUMQST7e ROffV
Z
VffiU VffiUff OffV->7_ Q
[
f;5RV
\ \
Q a
[
UYf VffiUff?-@N


fl
 T7a
\
CQ
cVffia VA
\
Q a
[
X/V
\b[
T7UT& V
\
eYa d	e _ Q U
\5B
T3C

T V

N
V
.
Q
\

[
Le-R
[
T7UD+ V
Z
Q
7
M
R R
OQN
Y
P
$ d
Ci]
N
U
]
*
7 7
7
[
 
, `
^
R
IS7
3
,ffi,
 
.
(+*
O\
,
 
. *
YbZ
S=P
*
OQ\
U
)7
'
.

Y
S
V_]
Ued
Y
O 7
'
.J
ZgVA$Y[Z
7
^
>7a1T
Z
Q
\
a
[
E@Q
\
Q a
ZE[
UWVffiN
\b[
T7U T&GF Q
Z
CQ a V
\
e a1Q
[
U5O
[

fl
_`V
Z
QSR9VffiUffH8EV-4ffiQ _ Q UYf
\
I@FQCQ UffYQ UffiSQ
T&
\
CQ
[
a=J
ZE[
RSR
[
4
[]\
>
7

\
$X5
R
]jV
N\ S
"
S=P
0
O
"%$Y
7
3 3
I 7
3
,;,
 
.
(+*
Z
\
,
^
.
M S P
ZXY("f]
*
Z
\
U
)
d
NQSe)
Y
7ff<
UWVffi_K>/R/QLYQ a&X7Q
[]\
_
[
CQ UAe UffDM7a
\
_
[
CQ U
$
\
a e1N7N
\
e a
\
e a d	eY_ Q U
\
Q a7:WQ a d	a1Q UCUCe UYf7RWa1T	X7QSRSR/Q
ZE[]\
)
[
_  Q_`V7R/Q a1RCQN
\
a1T/RN-T
[
N
RCQ aO:WQ aP V;Ya1Q U
7

R ;iNQOOQN
Y[Z
F
YbZ
O
"
T
G fl
VXV
NQS=T
Y
S
3
,;,
7
7
#
2
*
`
V
`
 
,
^   
`
^
IdI
`
V
.
(+*
Z
\
R R
.
M S P
ZXY("f]
*
Z
\
U
)
d
NSe)
Y
7
2
.

"
R/.
Y
7
L
.
L
\
d
]gY
`

\ NQS T
d
"
R
]
7*$
\
a e'
\
e a Vffi_
Wa1TCQ a
\ [
QSR"T& _
[

\
Q(QA>Rffia1TfYQ U
.
Q
\
+ V
Z
QSR
Z
QV7R eYa1Q( dS>)_`V7R/Q a RCQ N
 
,
     
		 ,
R
\
aST/RST
[

\
QYU
[
e QSR
7

\
$!5
R
]gV
NQ\ S
"
S=P
0
O
"%$Y
7
3
I
3
0
l
3 `
I
q
V7
 `
V

7
I
R R+R
.
( cd Y ,   . 9 .
2 . cd Y
S=Te7
 .
M
. ' Y d Z@$ Y C YbZ
7
 . ' . $
N
VA,
7 $
[]Z
eY_
\
VffiUMQST7e RGFWQ
Z
CQ N
a V
\
eYa1Q5VffiUffAeY_
\ [
RCQ
[
QSR QV7R e a1Q
Z
Q U
\ [
UgV

[

\
Q( ) >-ffia1TfYQ U @
[
 N
 e-R
[
T7U
fl
_`V
Z
Q
7

\
$!5
R
]gV
NQ\ S
"
S P
0
O
"%$Y , 3
0 V
I
V
`
V
[ ^
7
3 ,;,
I
.
( cd Y
S
,   . 9 .
2 .cd Y
S Te7
9 .
R
"
S87
 .ff.cd "
\e7
^
a1Q
ZE[
! Q(
Z
Q
\
cVffiUMQ N V
[
a/+ffV
Z
Q
RCQ
\
aV
Z
QV7R e a1Q
Z
Q U
\
R e-R
[
UYf%: OffV
Z
VffiURV
\b\
Q a
[
UYf
7


.
* fi
2
9
2  # 9 Jfi

`

= 3
V
^
0
l
3 `
7
q
7
^ `   [
7
3 ,;,   .
( a ZgY ,
I
. 9 . a ZXY
N
YbZ
7M
. a ZgY
N
,
O
YbZ
7
 . '
\ O .
Z
R
$
7
F CQ
<
1W_
[
V
\b[
T7U)T&VOffV
Z
VffiU
$

[

\
Q( FIeYUWV-d	_ QI2 a
fl
J !#
[]Z
Q a

V7R/Q a  T7a

V7R/Q a N  Uffffie6SQ(
fl
_ eCT7a1Q N
RSQ UffiSQ T
Z
d	e-R
\b[
T7UQ@
[
V/fffiUMT/R
\b[
SR
7JM R R OQN
Y
P
$ d Cfi]
N
U ] * ^d^
7
V
 13 `
V
  
7
3 ,;,
I
.
( J U
)
.
M O
"
S
.1J U
)
5 ZXYbV
d
7 
V7R/Q aI@
[
V/fffiUMT/R
\b[
SR5 T7aff T
Z
d	e-R
\b[
T7U FWQ
Z
CQ a VffiN
\
e a1QVffiUff
$
CQ
[
QSR
7=M
5 "
U
R
]
$
ZgY[]X]
7

"%$X5=Z
NQP=T
Y
7
fi
2
M!7
3
,
  
.
( J
N
,
^
.
2
YE5 "f]gV
N
"
S
J
N
]gY
S
5YbZ
Te7
O V
Z
VffiUcRCQN
\
a1T/RN-T
[
Q VffiU Q
[
UMQ afffi Q a1R
\ffifl
ecd Q a N
+ffV
ZEZ
Q
7
a
N
R
O\
$&"fZ65Y
N
V
7
"
S=T
Y
.
Y[ZgV
NQT
V
N
$
#
S
]gV
N
V
R
V
.
? Z "
S T
Y , "
S=P
VXY
.
Y
Ued
"
S=NY) R=S=P
2
V_Z
fl
$
R=S=T
]
R
d
Ci]
NY)7
3
,ffi,
^
.
(
0EZ
\
,

.
.
"WVgV
d
N
"f] 0EZ
\iP
Y[Z@$H"
S=S87
 :Nh_`V7R/Q aSRCQN
\
a1T/RN-T
[
RCQ U
\
Q a1R e'YeYUCN
fYQ U
ZE[]\
Q
[
UMQ
Z
V-d R
\ []ZEZ
dSVffia1Q U 2 a > 
\
T7UCN
fl
_ eCT7a
[
ffiN J !#
[]Z
Q a _`V7R/Q aVffiU
_`V
ZE[
UWVffia1Q U! 4ffiT7a fYQ
ZE[
R
\
Q U 2ETY_ Q U#"3V7RSR/Q a1R
\
T%LN
fl
_`V
ZEZ
Q U
7fF
YbZ
O
"
T

"
S
]	d"
U
\
5 ] 3
,

7
#
2
*
`
V
`%,
V
I
`
3
V7
`
R
 
`ffi$ .
(HG
\
Z 
7
.
2
. G
\
Z
P=\ S87
*.

.
.
U *
Z
NQP T
Y
7
 T
Z
We
\
Q afiWa1Tfffia V
Z
 T7aLVffi_  eY_`V
\ [
T7UiT&
ST
Z
W_ Q"! CQ
ZE[
Vffi_ Q

e
[
_
[
d	a
[
e
Z
ST
Z
CT/R
[]\ [
T7UcR% ka1TN-Q
\
CQ a  T7a
Z
VffiUffiSQ% 
[
Uffi
[
YQ U
\
VffiUff a1QP+Q
\
Q(RCTN/R% VffiUff& cV 
Z
VffiUCNffi'CT7e;fffieCQ
\
YQ
\
T7UWV
\ [
T7UcR
7
`
M
2
M
2
$(
I

V
7
3
,

V
.
(HG
Z
P;,
 
.
M
]jV_Z
NQP
G
Z
P
5YbZ
7
$
[]Z
eY_
\
VffiUMQ) QSRSR eYUYf 4ffiT7U ?-@N+* QSR,"
[
Uff
[
f;N-Q
[]\
R N
 Q _ YQ a U! OFWQ
Z
CQ a V
\
eYa eYUff
$
CQX
[
QSRN-T7UYX7Q U
\
a V
\b[
T7UMQ U
[
U Q
[
UMQ a
\
eYa	d	eYN
_ Q U
\
Q U T V N
fl
_`V
ZEZ
Q
ZE[]\b\
Q _HR _`V7R/Q a1RCQN
\
aST/RN-T
[
RCQ a- Q
\
CTSYQ U
7
a
N
`
R
O\
$H"WZ65Y
N
V/"
S P
YbZ)fi
S=NY;
Y[Zg]
N
V
P
V
*
N
Y
O
Y
.
Y
OQP]7
0Q"
) R=O
V
P
V
.
?=Z
$ d
Ci]
NY)Q7
3
,;,
 
.
(HG
Z6?
,
[
. G.CG
Z6?
S
Y
.
Y
OP87 F
.I*
Y
R
]
d
"
R
]XY
S87
$ .
M S=P
ZXY[]gY
S87
'
.

Y
S
VX]
Ued
Y
O 7 $
cV
\b[
N
Vffi_]_K>O&QSR/T7_K4ffiQ( OffV
Z
VffiU
$
V
\b\
Q a
[
UYf  T7a.Ae _
\b[
N
$
CQ
[
QSRVffiUff FWQ
Z
CQ a VffiN
\
e a1Q
<
UWVffi_K> R
[
R
[
U F QYU
[
Vffi_]_K>
<
1W_
[
Q(ff T
Z
d	e R
\b[
T7U
$
>/R
\
Q
Z
R0/ RWaV->
fl
_`V
Z
Q9VffiUff
fl
T7eYa N+>o_
[
UffYQ a  UCN

[
UMQ5J UYf
[
UMQ
7iM
ReR
ON
Y
P
$ d
Ci]
N
U
]
*
^ 
7
VdVdV
`
V
[
I 7
3
,;,
[
.
     
		 , 3
(HG Z6? , ^ . G. G Z@?
S
Y
.
Y
OQP]7dF
.-* Y
R
] d "
R
]XY
S87
$ .
M S=P
ZXYb]XY
S87
 U
\
Q a  Q a1Q UffiSQ N
fl
aSQSQ. :

V7R/Q a N Uffffie6SQ(5OffV
Z
VffiUVffiUff5OffV->o_ Q
[
f;  QV7R eYaSQ
Z
Q U
\
R
[
U )%>Rffia1TVffia N
d T7U  T
Z
d	e R
\b[
T7Ue R
[
UYf
^
T7_`Vffia
[
X/V
\b[
T7U
^
aSTCQ a
\b[
QSR
7M R R OQN
Y
P
$ d Ci]
N
U ]
*
7
3
7
[ 
V
`
[  
7
3 ,ffi, ^ .
(HG Z6? ,
7
. G.G Z6?
S
Y
.
Y
OP87

. 2 Ued
O
? V_YbZ
7
$ .
M S=P
ZXYb]XY
S87
' .  
\
V d Y J CQ a V
\ [
T7U T&
2 a
fl
VffiUff
<
a
fl
\
e UWV-d	_ QQ"!#
[]Z
Q a _`V7R/Q a1R "
[]\
CT7e
\
nV7RSR/QPfffiaV
[
UgT
\ [
SR
7
M R R OQN
Y
P
$ d Ci]
N
U ] *
7
IS7QI
[ 3
`
I
[ 
7
3 ,ffi,
7
.
(HG Z6? ,ffi,o. G. G Z6?
S
Y
.
Y
OP87
 . * "fZjV_Y
O
d Y
N
$Y[Z
7

. 0
NSe)
Y
7 2 . L Z6?
T
YbZ
7 <
1W_
[
V
\b[
T7U
T& *V7R/QST7e-R%
Z
V/fYQ :WQ _ T
[]Z
Q
\
a >
\
T

V
ZE[
UWVffia  2UcR
\
QV1->
fl
_`V
Z
QSR
7
3 

#  a J  
2 7

Y
NQP
Y
O
5Y[Z
Te7
3 ,ffi,;,1.
(HG Z6?
R+R
. G Y[Z
P
G Z6?
S
Y
.
Y
OP871.
"fZgV
NQS 2 Ued ? VgV_Y
7
$ Y V_Y[Z
M S P
ZXYb]XY
S]7*$
[]Z
eY_
\
VffiUMQST7e-R
Z
eY_
\ [
W_ Q Nh_
[
UMQOffV
Z
VffiUCOffV->o_ Q
[
f;


fl
Z
QV7R e a1Q
Z
Q U
\
R
[
U ST
Z
d	e R
\b[
T7U
M
R R
OQN
Y
P
$ d
Ci]
N
U
]
* (
=B"W]XY[Zg]"
S=P

R
V
N
U
]
7

R/0
l I
q
V R
, `
V
3
V
0
Jn*
I
R R+R
.
(

"f]
dC,

.
MW) NY)f\

N
Z6" C
7a.
"
Ued
NY)f\

"f]
d
N
$
\
V
\ 7 R
.
"
.
7
AeY_
\ [
cVffiUCUMQ _
$
CQ
\
a Vffi_

Z
V/f
[
UYf
$
> R
\
Q
Z
 T7a QV7R eYaSQ
Z
Q U
\
R"
[]\
 )
[
f;CQSR
\
$
[
fffiUWVffi_
\
T T
[
N
R/Q OffV
\ [
T
7

R
V
N
U
"
O
 Y
;iN
Y ,
7eF \ O
[
7
`
\&IS7
3
,;,

7
VdV
[
`
V
[
3
.
(

Y[Z
7
[
.
a
.

Y[ZgZ
N\
V
7

.
L
\ T
Y
OQS N*)Q7
 
.
L
\
$
R
. S
YbZ
7
JMLN
<
!
[
R
^
V
\

[
U
$
6CQ a
[
Vffi_

[
a a1T7a% U
\
Q a  Q aST
Z
Q
\
Q a1R
7 M
ReR
OQN
Y
P

R
V
N
U
]
F \ O
V
7
`
\
[
7
3
,
7
[
.
(

NQO
 
R
.

\
d
S

NOQO 7LM S T
Y
O 7
2
U
\
VXV
7
=
NQS P=O
Y C
7

NQS
VA,bY
S87
Ae _
\b[
W_ QJd
.
Q
\
$
CQ N
\
aST/RSTff> /F CQ  Q(ffie R	V
$
CQ
\
a1Tfffia V 6
7
9
d
Y
M
]gVXZ
\
R
d
Ci]
N
U
"
O

\ R
Z
S
"
O 7
I
[
I 7
=
7
,@`
= 
IS7
3
,
 
R
7
a Y
U
Y($!5YbZ
7
3
.
(
d"
S

,o.

.
d"
S=N
U
)
"
7
'
.
L
\fOQO
$&"
S=S
.
<
\
" T7N47Vffia
[
V-d	_ Q0 T7a
Z
Vffi_
[
R
Z
 T7a
\
CQ
\
aSQV
\
N
Z
Q U
\
T& CQ
ZE[
Vffi_ a1QVA
\b[
T7UcR
[
U
\
eYa	d	eY_ Q U
\
) V N V
[
a 
[
Le-R
[
T7U +ffVffiN
Z
QSR
7
3 
	
2
C $
R
\
]
NQR
$
l
#
S
V_YbZ
S
"WV
NQ\ S
"
O
q
\ S

\
$X5
R
]gV
N\ S87
2
.
[
I
3
(
[
V R
7
$
N
VgV_]65
R
Z
T
d
7
$
M!7
9
d
Y

\
$X5
R
]jV
NQ\fS
#
S
]jV
N
V
R
VXY
7
3
,

,1.
(
L
N
$
,
3
.
L
N
$
7

N
V
Ued U
\
U
)7
 
\
V
d
Y
7=M
ReR
OQN
Y
P
$ d
Cfi]
N
U
]
*
^
V
7
3  
R
7
3
,ffi,
3
.
(
=
\ S
.
a
.
M
.
=
\fS=Te7
OffV
Z
VffiU
$
CQ
\
a1T/RSTff>
7Z.
U G
Z6" ,

NOQO
#
S
VXY[Z
S
"WV
N\ S
"
O
*
\i\d)

\
$
R
"
S
C
7
3
,

.
(
.
"
T
   
. $ .
.
"
T
ZgY
7
 
.
'
.
a
N
5e5
O
Y
7#fl
[
U
[]\
Q CQ
ZE[
Vffi_ N
[
UMQ
\b[
 Q L9Q
\
R
[
U V R ecd R/T7N
U
[

\
e a d	eY_ Q U
\
A>-ffiaSTfYQ U 
[
Le-R
[
T7UO+ffV
Z
Q
7

\
$X5
R
]jV
NQ\fS
"
S=P
0
O
"%$Y
7

V10
3
,
^
`
I
R 7
7
3
,;,
 
.
     
		 ,
I
(

]X] , ^ . 0EZXY
P
Y[Z
N*)

]X]
O
Y[Z
7 2
"fZA"
M T
Z
R R 7 .
"WZ U
R
]
M OP
Y
S87
F YaSQSQ N 
[]Z
Q UcR
[
T7UWVffi_
+T " 4
[
R eIVffi_
[
X/V
\b[
T7U "
[]\
,
[
ST/R/QST7Uff 
[
Q RV
\b\
Q a
[
UYf VffiUff R
\
a1QV;N7N
V
Z
Q a VYQ
\
Q
\ [
T7U
7=M ReR ON
Y
P

R
V
N
U ]
F \ O
.
V
[
7
`
\
.
V
7
3 ,;, ^ .
(+$ YbV ,ffi,o. `
\
Z65Y[ZgV $ Y V_YbZX]
7b. \
d C
2 .
.
"
S
]
\ R
Z
7

R=S=T
` cd Y
S=T
cd Y
S87
)
[
f;Y_K>
$
\
aV
[
UMQ(9Fce a d	eY_ Q U
\
O
[
  Q
\
cVffiUMQ
fl
_`V
Z
QSR
$
\
V-d
[
_
[
X7Q( dS> ) T
\
 T
Z
N
d	e-R
\ [
T7U
^
a1TSffie'
\
R
7

\
$X5
R
]gV
NQ\ S
"
S=P
0
O
"%$ Y
7
3 3
710
3
V 7
` 3_^
V
7
3 ,;,;,/.
(+$ Z
R
,
[
. 2 . $ Z
R
U
)
Y[Z
7
' .
.
Y
N
YbZ
7
' .
2
V_Z
N
U
)
YbZ
7<
+ffV
\
+ffV
Z
Q d	e a UMQ a V7R Vffi_
[
N
d	a V
\ [
T7UR/T7e a SQ  T7a ST
Z
d	e R
\b[
T7U a1QSR/QVffia !/F Q
Z
CQ a V
\
eYa1QSRVffiUff9RCQ
[
QSR
ST7UffiSQ U
\
aV
\b[
T7UcRFT&*WaSQ
ZE[
! Q( T V    + V
Z
QSR
7
 J
F 2  # # `
2
9- fi
.
7
^
0
l
,-q
I
,
R
  `
I
, 3 3
7
3 ,;,
[
.
(
.
"
S
,
7
.
. \
d C
2 .
.
"
S
]
\ R
Z
7

R=S=T
`&cd Y
S T
cd Y
S87L
[
UMQO V
Z
VffiU! EOffV->7_ Q
[
f;  
VffiUff_`V7R/Q a
[
Uffffie'SQ(%Wa1Q(
[
RSR/T
[
V
\ [
T7U=+ e T7a1QSRSQ UffiSQ
\
QYU
[
eCQ  T7aLST
Z
N
d	e-R
\ [
T7U "
[]\
 V
\
e UWV-d	_ QG2 a
fl
Q"!#
[]Z
Q a _`V7R/Q a
7^M
R R
OQN
Y
P

R
V
N
U
]
7BF \ O
.
V 7
7
`
\
.
I
3
7
3
,;,
7
.
(
. NO
,;,7. $ .ff.
. NQO
Yb]
7
OffV
Z
VffiU"_
[
UMQ
[]Z
V/f
[
UYf  T7a9RcV
\ [
Vffi_]_K> VffiUff
\
Q
Z
CT7aVffi_]_K> a1Q N
R/T7_K4ffiQ(
Z
T7_ Q  aVA
\b[
T7U
Z
QV7R eYa1Q
Z
Q U
\
R
[
U
[
U
\
Q a UWVffi_*ST
Z
d	e-R
\ [
T7UQ UYf
[
N
UMQSR
7=M
ReR
OQN
Y
P

R
V
N
U
]
V
 
0
l
,-q
3 /3
[
`
3 
V
IX. M
 
I
R
3
,;,;,1.
(
 4"%5
,

.
0EZ
N
Y
P
Z
N
Ued
 4"%5Y
S
]jV_Y
NQS87M O .
ZgY
P
=Y
N
R
YbZgV6,
7
F" T
[]Z
Q UcR
[
T7UWVffi_
\
Q
Z
CQ N
a V
\
eYa1Q%YQ
\
Q a
ZE[
UWV
\b[
T7U
[
U
\
CQ9Q"! cVffie-R
\
a1QPf
[
T7U T&&V _`V
ZE[
UWVffia+ffV
\
+ffV
Z
Q
d	eYa UMQ a"
[]\
 _
[
UMQVffia OffV
Z
VffiU RV
\b\
Q a
[
UYf
M
ReR
ON
Y
P

R
V
N
U
]
7dF \ O
.
V 7
7
`
\
.
I

7
3
,;,

.
(
2
U
\
,
[
.
.
.
M
.
2
U
\
5Y C
7
$ .
2
V
R
R
N
U
7

R
V
N
U
"
O

\
Z
R
\
ZA" V
NQ\fS \ .M
$Y[Z
N
U
"
7

Z
Wa1T7N
4ffiQ( F Q
Z
CQ a V
\
e a1QAVffiUffQ)ke
ZE[

[]\
>
$
\
V-d
[
_
[]\
>T&) _
\
a VffiN Vffia a1T " VffiUff
fl
[
_
\
Q a1R
7
2
\
U
N
Y VKC
\ .UF
"
U
R=R
$

\
"WVXY[ZX]Z^
R
^d^ 
7
`
 3    
7
V
 V
d
M S=S R
"
O

\ S/.
YbZXY
S
U
Y
$
Z
\
U
Y[Y
P=NQS=T
]
7
3
,;,
[
.
(
2
D
R
. G.
=
.
2
D
R=N
ZgY[]
7
 Q	 Q aPfYQ	d	U
[
RSR/Qe Uff
[
YaSQ
<
e R " Q a
\
e UYf
7P
Y
G
Z
R
C VXY[Z
7
#
2
*
`
0V
3 3
R R%V 7dV
I
R
7
3
,
/3
.
(
2
VA"
,
[
.
2
.

.
2
VA"fZ6$Y[Z
7
 
.
'
.I*
NQOT
Y[Z
7
L
.
.
=fiC
\ S
]
7

.

.
0EZA"
S )7 .
.H* .
=
\ S=Te7
 T7UcR/Q a 4ffiQ(
$
Vffi_`Vffia  QV7R eYa1Q
Z
Q U
\
R
[
U FIeYa d	e _ Q U
\
@
[
Le-R
[
T7U
fl
_`V
Z
QSR
dS> OffV
Z
VffiUVffiUff OffV->o_ Q
[
f;O
[
d/d T7U 
Z
V/f
[
UYf Q
\
CTS
7

\
$X5
R
]jV
N\ S
"
S=P
0
O
"%$ Y
,;,
7
3
,ffi,
[
7
V
[

`
V
^
[
.
(
91" C
.

\
d
S
 
.
91" C
OQ\
Z
7/fl
QY_ Q a VffiUWVffi_K> R/Q
7
'
NQO
Y C

F


7
#
2
*
`
0BV
^
I

I
7
   
IS7
3
,
  
.
     
		 ,
V
( 9	Y U	,
[
.
M
Z@5Y
N
VX]
T
YE$ Y
NQS
] Ued "
.
V 9 Jfi 0 =
M+.  
M%L9Q U
\
_
[
CQSR F J
fl <
AN
$
Q
ZE[
UWVffia
7
# 2 * ` ` ` Z .
V
`h,
I
7
d^ 3 ` 3
7
`%,
7
LT"fZ
O
]XZ
R
d Y
7I
 .

)
V
\
5YbZ
7
3 ,;,
[
.
( ' "fZ .  . ' "fZ
S
"WV6,
7
fi .
.
"d"f]
7
FWQYU
[
RCQ9:WQ a d	aSQ UCUCeYUYf
7 2SR
Z
NQS=T
Y[Z
F
Y[Z
O
"
Te7
* YbZ
OQNS87
3 ,ffi,
V
.
( ' Y(5 .
M
. ' Y(5Y[Z
7
OffV
Z
VffiU
$
CQ
\
a1T/RSTff> T& *V7R/QSRVffiUff

[
e
[
7R .
( ' Y
O
. L
O
"
R
] ' Y
O
V
S
Y[Z iV
\
CQ
Z
V
\b[
N%Ya
^
A> R
[
N-Q a
7QF N
Y , Y
TffF
Y[Z
O
"
T 7
* Z6"
R=S
`
] Ued , Y
NT
7'
N
Yb]65 "
P
Y
S87
3 ,   [
.
( 
\ R
 
I
.
M S P
ZXY ,9 . 
\ R=S=Te7
O V->7_ Q
[
f;
$
V
\b\
Q a
[
UYf
7
$ d Ci]
N
U ] 9
\fiP
" C
7
V
^
0
[
I
`
[  
7
3 ,  
I
.
  ffi  
a
N
Yb]XY
M
Z@5Y
N
VY
S
VX]gVA"
S=P
"
S P
Y[ZB0Q"
) R=O
V P V
.
?=Z $ d Ci]
N*)Q7WM
Z65Y
N
V_]
T
Z
R ReR
Y
M S T
Y , "
S=P
VXY
=B"W]XY[Z
R d Ci]
N*)Q7=R S
VXY[Z
P
Y[Z =Y
N
V
R S=Tb;f\ S

YbZXZ
S
$ Z
\ .
Y[]g]
\
Z a Z . $ Y V_Y[Z
M S=P
ZgY[]gY
S
.n# Ued
P
"
Se)
Y

Y[ZXZ
S M S=P
ZXYb]XY
S .
?=Z
P=N
Y
NQS
V_YbZXY[]g]A"
S
VXY&9 d YE$H" V
N*) R=S=P
]XY
NS
YM, " d
O
ZXY
N
Ued Y
S
#
P
Y[Y
S
.
* Yb]
\ S P
Y[ZgY[Z a+"
Se)GT
Y(5e? d ZgV#"
R
Ued

Y[ZgZ
S
$ Z
\ .
Yb]X]
\
Z a Z .WG Y[Z
P
G Z6?
S
Y
.
Y
OP87=P
YbZ
,
R
Y
NQS
Y($ ]
R
P
V_YbZXY
S
4
Y
N
V
R
R Se)
V
P=N
Y
M
Z65Y
N
V
;f\ S

Y[ZgZ
S M S=P
ZXY[]gY
S
? 5YbZ
S
"
d
$
.
F \ S
"
OO
Y
S . N
V
T OQN
Y
P
YbZ
S P
YbZ
M
Z65Y
N
V_]
T
Z
R
ReR
Y
d
"WV]
N
Ued
, , Y
N .
Y
OQO\
]a
N
R
. ` #
S=T
.
M S
6"
.
" fiY
NS
"%$ $ Y
N
]gVXY
SDR
$
P N
Y[]gY
M
Z65Y
N
V
;
YbZ
P=N
Y
S
V
T
Y($&"
Ued
V
.

d
S
Y
N
d
ZgY
\
R
V
N
]
Ued
Y
S
*
Y[ZgY
Ued
S R=S=T
Y
S R=S=P
$Y
Ued
"
S N
]
Ued
Y
S
L
\ S
]jV_Z
R )
V
NQ\ S
Y
S
,
P
ZgY
P
"f]
.
Y(' ]DCi]gV_YE$ ,
\
d
O
S=N
YE$H"
O
] ZXY("
OQN
]
N
Y[ZgV ,
\
Z
P
Y
S
.
M
5YbZ"
R
Ued
P N
Y4"
S=P
YbZXY
S. N
V
T ON
Y
P
Y[Z
P
YbZ
M
Z65Y
N
V_]
T
Z
R
R R
Y
d
"%5Y
S
$Y
NQS
Y
S
a+"
Se)
;
Y[Z
P=N
Y
S
V
.
`#"%$Y
S
V
ON
Ued
Y[Z ,
PWd
S
Y
S
$
flfiUed
V_Y
N
Ued d
N
YbZa Z
.
9
N
$ `
N
Y
O
]gY
S R=S=P
a Z
.

Y
NQS
`
Z
N
Ued
2SR
N
Y
U
)
Y[Z
7fiP=N
Y ]gVXYbVX]
.
? Z
d
NQO .
ZXY
N
Ued
Y a
N
]
) R
]g]
N\ S
Y
SR=S=P
$
N
V
TfR
V_Y
SMF \
ZX]
Ued
O
P
T
Y
S
,
R
Z
F
Y[Z
.
?
T R=S T
]jV\"
S=P
Y
S
.
a YbZ
d
YbZ6,
ON
Ued
]jV_Y a+"
Se)T
Y
d
V-"
S
$ Y
NQS
Y#0EZXY
R=S=P=NS
a
N
R
O
.`%$ d
Cfi]
.
M
]gVXZ
NQP
G
Z
P
5YbZ
7
P=N
Yff$
N
Ued
5Yb]
\ S=P
Y[ZX]
NS P
YbZ
4
Y
N
V
R=S
V_YbZX]jVA? V6,bV_Y
7 NS P
YbZ
N
Ued
P=N
Y[]gY
M
Z@5Y
N
V
S
Y(5Y
S
Y
NQS
Y[Z
; \ OO
,bY
N
V
NQT
Y
S
*
YbZ
R/.
]jV
P
V
NQTd)
Y
N
V-5Y[Y
S=P
Y V_Y
.

N
YbZ6$
N
V
;
Y[Zg]
N
Ued
Y[ZgY
N
Ued
"
S
J
NP
Y[]]jV\"WVgV
7KP
"%'
N
Ued
P=N
Y
;f\
Z
ON
Y
T
Y
S=P
Y
M
Z65Y
N
Vfi5
N
]fi"
R/.fiP=N
Y
P
Y($
M R/. T
"%5Y
S
]jV_Y
OQO
YbZU5Y
)
"
S=S
V_Y
S

NO .
Y
S
]XY
O
5=]gV
P
S=P=NT
"
S=T
Y
.
Y[ZgV
NQT
V
d
"%5Y
R=S P
"
OO
Y
5Y
SiR
VA,bVXY
S

NQO .
]6$
N
VXVXY
O P=R
Z
Ued
M S=T
"25Y
P
YbZ!=
N
VXY[Z6"WV
R
Zg]gVXY
OQO
Y
S )
Y
S=S
V
ON
Ued
T
Y($&"
Ued
V
d
"%5Y
.
$
O
"
S
Y
T Te7
V R
.

)
V
\
5YbZ
I
R R
3 a
N
Z
)
2
V_Z
R ;
Y
,
[
